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ABSTRACT

On 1 October 1980 the wholesale support function of the
Naval Air Station, North Island (NASNI) was consolidated
with that of the Naval Supply Center, San Diego (NSCSD) ac-
cording to the DOD Material Distribution Study and the
Shore Establishment Realignment Program (SER V). If the
consolidation is to be judged as a success, NSCSD must offer
improved post-consolidation support to its local customers,
especially the Naval Air Rework Facility (NARF) at NASNI.
This thesis offers a general discussion and documentation of
the pre-SER NSCSD local delivery system in order to form a
baseline from which to measure future system performance and
effectiveness. It specifically addresses NSCSD's local de-
livery organization, facilities, and resources, plus the

identification of the local customer base and the volume of

business they generate.
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I. INTRODUCTION

The Naval Supply Center, San Diego has as its
mission to provide supply support services to
assigned fleet units and shore activities and
to perform such other functions as may be
directed by the Commander, Naval Supply Systems
Command. [Ref. 1: p. 1]

While the accomplishment of these objectives requires
the performance of a myriad of tasks ranging from supply
support to financial accounting, the principle function must
be considered that of physical distribution; having the
right material and getting it to the right place, at the
right time.

In mid 1978, as a result of the Department of Defense's
(DOD) Material Distribution Study and the subsequent Navy
Distribution Facility Study conducted under the auspices of
the Shore Establishment Realignment Program (SER V), the
Chief of Naval Operations (CNO) directed the consolidation
of the Naval Supply Centers and wholesale supply activities
of the co-located industrial Naval Air Stations (NAS) in
Oakland, San Diego, and Norfolk. [Ref. 2: pp. 29-31] This
consolidation was predicated on the premise that supply

support of the industrial activities and their customers

would in no way be degraded and that measurable cost savings

would be achieved.




A. PURPOSE
Before a local distribution system can be developed and

implemented to accomodate the above consolidation, several

events must take place, one of which is the documentation of
the pre-consolidation system. This information is necessary
to establish a database against which future systems may be
compared. The intent of this thesis is to aid in the con-
struction of such a baseline by documenting and analyzing
the pre-consolidation local delivery material distribution
system employed by the Naval Supply Center, San Diego

(NSCSD).

B. METHOD OF ANALYSIS

This study employed a variety of data collection and

analytical techniques to accomplish the above. As origi-
nally conceived, it was intended to rely primarily on NSCSD
management reports, statistics, instructions, and internal
studies to provide the requisite information. While these
sources did provide a comprehensive overview of fiscal year
1980 distribution operations, they were not considered
totally adequate. The principle problem involved in their
use was that their summary nature lacked sufficient function-

| al definition to allow the desired detailed analysis of the

In order to overcome this deficiency it was necessary

"‘q local delivery system.
{ to determine, bv customer, actual weight and cube data for

individual line items. To obtain this tvpe of specific

LR ol LI, TN ﬂ'mm
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information, computer tapes of NSCSD's Demand History File
(DHF) and the Fleet Material Support Office's (FMSO) Freight

Classification File (FCF) were utilized. The DHF is a se-

s quential record of all material requests received by the

Supply Center and contains information such as: the requi-

sitioning activity and date; item and quantity requested;

status of filling the request; and mode by which the material

was shipped if the request has been satisfied. Similarly,
the FCF is a sequential file of all material carried by the
: supply system and delineates among other things the item's
unit of issue, weight, and cube. Therefore, merging these
two files created a record of who ordered what volume and

weight of material.

It stould be noted at this point that even this procedure
did not lend itself to a complete analysis because of several
file mismatch problems. These specific deficiencies, as
well as any other problems encountered in executing this
study, will be fully discussed in the sections of this thesis

where their effect was most pronounced.

C. SCOPE OF ANALYSIS
The following chapters address those major facets of the
: Supply Center's pre-consolidation operations which had a
"‘ﬂ direct bearing on local customer support. More specifically,
1 Chapter Il outlines the requisition processing channels,
[ material flow, and physical facilities of the Supply Center

prior to 1 COctober 1980. Chapter II! continues from the

' 16
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narrower perspective of documenting the particular local
delivery system employved by NSCSD at that time. To this end,
it includes a discussion of the customer base served, the
delivery :zone plan, and the equipment utilized to satisfy
their requirements. Chapter IV then analyzes the -elative
volumes of business and concludes with an extrapolation of
the data to a full year. Finallv, Chapter \ presents the
conclusions of this research and recommendations for com-
pleting the work begun here.

A rudimentary cost analysis of the NSCSD delivery oper-
ation had been intended as part of this thesis, however,
after much research and deliberation it was eliminated.
There were numerous reasons for not delving into the area
of costs. A few of these reasons are listed below.

1. Cost data for the pre-SER movement of material by

e —

NASNI was not readily available. This information
was considered essential as any cost analvsis should
take into account all pre-SER material movement
costs, for both NSCSD and NASNI.

2. Material movement costs could not be accurately
allocated between specific material handling
functions. Indirect material movement costs should
not be arbitrarily allocated based scolely on a
percentage of overall business. Such a method would

only lead to incorrect extrapolations as most in-

direct costs cannot be allocated on a straight




percentage basis. Two examples of areas where this |
could cause problems are in the calculation of the

indirect costs of packing and MHE attributable to

p local delivery material movement.

The lack of an adequate work measurement unit did

w

not allow the pre-SER NAS and Supply Center costs

of material movement to be analyzed. Any attempt

to calculate an average unit cost for comparison
purposed would have been impractical and misleading.
1 In summary, with the information available at this time,
it was felt that any cost analysis would be too cursory to

serve any useful purpose.




IT. MATERIAL/DOCUMENT FLOW ANALYSIS

The purpose of this chapter is to provide a synopsis of
the material and document flow patterns in effect at the
Supply Center prior to consolidation. To this end, general
descriptions of how requisitions were received and processed;
issue documents generated and distributed; and material
handled, stored, and prepared for delivery are presented in
the following sections. Futhermore, this information is
placed in proper perspective by detailing the organizational
structure of the Supply Center's Material Department and
Long Beach Annex operations, the physical restrictions im-
posed by their plant layout, and the overall volume of business

performed by NSCSD.

A. BACKGROUND

The Naval Supply Center, San Diego was commissioned as a
supply depot on 8 August 1922 and redesignated as a supply
center on 18 September 1959. NSCSD is the major Navy supply
depot in the Southern California region for retail and whole-
sale logistics support of fleet units and depot level main-
tenance activities servicing the surface, sub-surface, and
sinrce SER, aviation communities.

Prior to SER the operations of the center were physically
located in four separate areas commonly referred to as the

Broadwav Compound, the National Citv Annex /NCA), the Point

19




Loma Annex, and the Long Beach Annex. Although each of

these locations performed many interrelated functions, they
could also be distinguished by unique aspects of their oper-
ations or purposes for which their facilities were utilized.
In this regard, the Broadway Compound can be viewed as hous-
ing the principal administrative offices of the command and
as serving as the storage site of all binnable material,
while the National City Annex can be viewed as primarily
devoted to bulk storage, 32nd Street Naval Station customer
order consolidation, and out-of-area shipping. Similarly,
the Long Beach Annex's major functions are area support and

storage of Ships Parts Control Center (SPCC) not-ready-for-

issue (NRFI) and ready-for-issue (RFI) repairables. i
The Point Loma Annex is solely involved in the supply
and handling of petroleum products, and since its function §
was not affected by SER, its operations will not be 1
discussed.
Due to the diversity of functions and operations at
these locations, the following sections will contain, where

applicable, a separate subsection for each of them. ‘

B. ORGANIZATION

As shown in Figure 1, the Material Department (Code 300)
is one of eleven functional units comprising th. Naval Supply
Center. Its responsibilities encompass the operations of
storing, receiving, and issuing material. As displayed in
Figure 2, five divisions and two staff offices comprise the

department. "
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A brief summary of each division's functions is presented
below [Ref. 1: pp. 19-86]:
1. Broadway Operations Division (Code 301) administers
and coordinates the operations of receiving, inspect-
ing, storing, issuing, and packing of all material

stored at the Broadway Compound.

[§%]

National City Annex Operations Division (Code 302)
administers and directs the functions of receiving,
inspecting, storing, issuing, and packing of all
material stored at the National City Annex. In ad-
dition, they are responsible for the management of
all repairable items.

3. Transportation Division (Code 303) sorts local
delivery material at both the Broadway Compound and
the National City Annex, schedules and operates
automotive equipment and straddle trucks for local
delivery of material, assigns and operates weight-
handling and construction equipment, arranges for
water cargo transportation, and coordinates the
movement of freight and placement of commercial

transportation equipment for loading, unloading, and

consolidation of shipments.

4

Receipt Control Division (Code 304) is responsible !
for the processing of receipt documentation, ensuring

compliance between material ordered versus material

Y
--«A_W:Q..

received, and initiating discrepancy documentation.

(387
(92}
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5. Material Turned in to Store Division (Code 305)
monitors, coordinates, receives, and stores material
turned in to store.

As indicated by Figure 3, the Long Beach Annex operation
also malntains its own material branch (Code BX3) which is
responsible for receiving, inspecting, storing, and issuing
all material received by and issued from the Annex. They

also have the responsibility of shipping material as required.

C. PHYSICAL FACTLITIES
As stated in the background section of this chapter,
NSCSD is required to operate a major material distribution

system without a totally co-located physical plant. The

dispersion of major functions between the Broadway Compound, !
the National City Annex (five miles to the southeast), and
the Long Beach Annex (120 miles to the north) adds a degree
of complexity to the integration of their operations which !
is not faced by the other SER locations. The following
subsections delineate the facilities maintained at each
location and the uses for which they are emploved.

1. Broadway Compound

The Broadway Compound is located on the waterfront

at the edge of downtown San Diego. The total complex con-

- sists of seventeen major structures of which eight, containing

g

‘ approximately 217,000 square feet of net storage space (gros [
space 2xcluding structural members, aisles, office spaces.

and other fixtures) are utilized for material handling and

24
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REPAIRABLES AECEIPT CONTROL
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Figure 3 LONG BEACH ANNEX ORGANIZATION CHART
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warehousing purposes. Figure 4 portrays the layout of the

compound and Table 1 displays by building number the available
storage space and material kept in each.

Of particular interest from a facilities standpoint
are Buildings 11 (packing and shipping operations) and 12
(binnable storage) since they are the only locations with an
automated materials handling system (AMHS). The installed
AMHS 1i1s a mechani:zed system consisting of powered pallet and
tote pan conveyors serving all seven floors of Building 12
and the packing and staging operations in Building 11. Its
automated queuing lotting, and routing capabilities allow
material receipts to be placed in a coded tote pan and auto-
matically routed from the receiving area on the ground floor
of Building 12 to the correct storage area. Similarly,
material being issued can be automatically routed from its
storage area to the packaging and preservation section in
Building 11.

It should be noted that the use of the AMHS does im-
pose physical restrictions on the size of the materialséored
in Building 12. Specifically, an individual item cannot
weigh more than fifty pounds nor may its dimensions exceed
seventeen inches by fourteen inches bv eleven inches.,
Furthermore, the gross sice of a receipt is limited to 240
cubic feet. [Ref. 3]

In addition to the AMHS, Building 12 is served by a bulk

material handling system (BMHS). The BMHS consists of two
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TABLZ 1
BROADWAY WAREHOUSE SPACZ/UTILIZATION

STORAGE MATERIAL
AREA STORED
37,288 dulk storage of active lteams
Pallet rack and bulk storage of
inactive items
Bin, modular buylk

pallet rack
{s

storage of medica upplies

10,380 Bulk storage active itams .
Bin and pallet storage inactive
itenms :

13,178 Freeze and chill provisiorns

8,000 Flammable material

13,916 Ciesaning supplies and hazardous
materia

12,440 Local delivery and water cargo

staging area
Packing, bulk sworage, ard
water fargo> materia

103,126 Bin, medular pallet rack
storage of active Ztenms
15,322 Bulk and pallst rack st9orage of
office supplies, misc. iteas,
and alcoholi locker

TABLE 1 BROADWAY WAREHOUSE SPACE/UTILIZATION
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powered roller bed trucks and a powered transporter dock
that allows full pallets to be automatically loaded onto

the truck from the dock, or unloaded from the truck to a
receiving dock. Due to limitations on the range of adjust-
ments that can be made to the truck roller bed height, the
BMHS is primarily used to transport pallets between Building
12 and Building 11. It should be noted that at the time of
this study onlv one BMHS truck was in operation. One vehicle
was being used as a cannibalization source for parts to keep
the other vehicle in operation.

2. MNational City Annex

The National City Annex is located within the confines
of the 32nd Street Naval Station, which is approximately five
miles southeast of the Broadway Compound. The Annex consists
of fifteen buildings of which twelve, containing approximatelyv
287,000 square feet of net storage space, are utiliced for
material handling and warehcusing purposes. In addition, the
NCA includes approximately 436,000 square feet of improved
outdoor storage space. Figure 5 shows the layvout of the
Annex and Table 2 1lists the available storage space and ma-
terial warehoused by building number. Despite the large
volume of material stored and the general uniformity of its
size (bulk/full pallets), there currently are no AMHS/BMHS
svstems in operation. However, the Supplv Center is presently
executing an extensive warehouse modernization/construction
plan which will add signirficant capabilities in this regard.

The major aspects of the plan are discussed later in sub-
J
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TA3LE 2
NCA WAREHOUSZ SPACE/UTILIZATION

1 8LDG STORAGE MATZRIAL
- NUNBER AREA STORED
653 26,843 Pallet rack and bulk szorage of
clcgh;ng ard overflow non-
perishable subsi3tence
54 15,099 Metal products
65 0 Stagini area for outbound cargce
v and " NCA packing DbDranch
] 66 24,810 Dry provisions
67 24,952 Pallet rack and bulk storage of !
L non- perishable subsistance
63 27,456 Pallet tack and bulk s«orage of
non-perishable subsistence
69 26,496 Palle+ rack and bulk_storage of
construction amaterial
79 0 Receiving and delivercy
operation
279 28,372 MTIS and SOAP material
2890 57,037 NRFI MTR's, wire, catklz, and
gases
ER N 5,120 PW4RS pallet jacks and acii
319 5,929 Packaged petroleum proiluc<s
322 44,026 RFI MTR's, clothiang, classified

' eguipnent ;nd.gubllcations, and
photographic items

TABLE 2 NCA WAREHOUSE SPACE/UTILIZATION

S
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5. Long Beach Annex

The Long Beach Annex is located in the northwest
corner of the Long Beach Naval Shipvard (LBNSY) complex (120
miles north of the Broadway Compound). The Annex consists
of four buildings and an open storage area. Of the four
buildings, two are exclusively occupied and two partially
occupied by the Annex. The first two buildings contain
37,600 square feet, and the latter two 98,372 square feet of
net storage space. All buildings are almost exclusively
utilized for the material handling and warehousing of re-
pairable material for which the Shipyard is the designated
overhaul point. Figure 6 indicates the layout of the Long
Beach facility in relation to the Shipyard complex.

4. Expansion/Modernization

Although the facilities expansion/improvement cur-
rently in progress at NSCSD is outside the purview of this
thesis, it is considered necessary to mention it to preclude
readers from drawing incorrect conclusions. Presently, NSCSD
is in the process of executing an extensive warehouse con-
struction and modernization program at the National City
Annex. The most notable projects, Military Construction
(MILCON) Projects P-014, P-033, and P-035 are briefly
described below.

a. MILCON P-014 is a supply storage high rise ware-
house served by an automated stacker-crane retrieval system

Jesigned for bulk material handling. It will add approximatelv
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33,000 gross square feet to Building 66 and will accommodate
10,920 pallets of dry subsistence and clothing items.
[Ref. 3]

b. MILCON P-033 will be a supply storage high rise
warehouse equipped with the Navy Integrated Storage Tracking
and Retrieval System (NISTARS). It will enclose approximately
180,000 gross square feet, and with NISTARS, will provide an

automated receiving, storage, and retrieval warehouse with

a storage capacity for 85,000 binnable, 23,500 rackable, and
3500 non-rackable items. Upon completion it is intended to
relocate all material stocked in Buildings 1, 6, 11, and 12
at the Broadway Compound to the NCA NISTARS warehouse.
[Ref. 3]

¢c. MILCON P-035 provides for the construction at the
NCA of a hazardous/flammable materials warehouse of 32,000
square feet with a I5-foot stacking height. It is planned
to relocate all material warehoused in Buildings 8, 10 (part

will go to P-033), and 125 at the Broadway Compound to the

new NCA building. ([Ref. 3]

D. DOCUMENT FLOW ANALYSIS
Material requirements ‘requisitions) are reczived bv NSCSD

,
througn t.~ee basic avenues: the AUTODIN/DAAS® network via

1The AUTODIN/DAAS network is a computer controiled auto-
matic addressing svstem which utilizes high speed transmission
lines and microwaves to route DCD message trafiic and logist:ics
decuments *o *the required activity. .




the Naval Communications Station, San Diego (NAVCOMMSTA);

through a NAS North Island (NASNI) and NAS Miramar (NASM)
transceiver hook-up in the Customer Service Branch (Code 105);
and by offline methods where requisitions come directly into
the Customer Service Branch (Code 105). These three basic
methods of requisition submission are discussed in further
detail in the following paragraphs. Figure 7, Figure 8, and
Figure 9 graphically depict these input methods and subsequent
document flow.

1. AUTODIN/DAAS Submission

The NAVCOMMSTA receives requisitions from the DAAS
network and collects them on computer tape for further trans-
fer to the Supply Center's Automatic Data Processing (ADP)
Department. These tapes are sent to ADP fives times daily,
at 0100, 0500, 1130, 1630, and 2030. This input point 13
denoted bv 'Block A' near node one in Figure 7. It should
be noted at this point that ADP operates three shifts per
day, seven days per week. The tapes are then batch processed
bv ADP through the Uniform Automated Data Processing System
(UADPS) program UA38. This batch processing under UA38 1is
run a minimum of once per shift. 1If the material requisi-
tioned is carried and on-hand at the Supply Center, a DD 1348-1
issue document will be printed and forwarded to the appro-
oriate warehouse for issue of the material. The "issue
2rocessing clock,” which is a management tool used to determine

Acw well the supply center does in meeting required issue

(93]
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time frames imposed by higher authority, starts when a
requisition 1s processed through UA38 and stops after the
material has been packed for shipment.

If the material is not carried (NC) or not in stock
(NIS), a referral order is generated which is automaticallyv
passed to the appropriate Inventory Control Point (ICP).

Any request that requires some form of manual handling due

to an exception or an error will automatically be kicked out
of batch processing and routed to the Customer Service Branch
for processing/correction in order to be re-input to the

UA38 program.

P

2. Submissions via Transceiver

Requisitions from NASNI and NASM may he received via
a transceiver unit. The transceiver sorts requisitions based
on issue priority group (IPG) and special project codes and
routes them accordinglyv. The transceiver unit is located in
the ADP Department and this input point is Jdepicted by 'Block
B' near node two in Figure 7. IPG II requisitions that are
not bearer walk-throughs and all IPG III requisitions are
routed to the UA38 batch processing program and processed as
discussed above. IPG I, CASREP, IPG II bearer walk-throughs
and requisitions with special project codes are routed to
the hot line section of Customer Service. The hot line
section is a branch of the Customer Service division that is

responsible for processing and expediting hizh pri

>

e}
-
s
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e
$
D
£
1

J
>

uisitions. The hot line section then eitner »rocesses the
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requisition as will be discussed below, or inputs it into

1 the UA38 processing chain,

| 5. Offline Requisition Submission

All requirements that are not submitted via an auto-
3 mated medium come into the Customer Service branch. This
input point is denoted by 'Block C' at node four in Figure 8.
These requisitions may be received by offline message, mail,
telephone, or by bearer drop-off. Depending on the material
] requested, these requisitions must be manually processed
until, when possible, they can be tran:zferred into an auto-
mated mode. Figure 8 shows the processing chain for the

various types of requisitions submitted directly to Code 105

} {Customer Service Division). Note that all IPG I, IPC II,
and bearer walk-through requisitions are procesized by UADPS
program UCO2, an on-line, real-time version of the UA38
program.

All DD 1348-1 issue documents for IPG I, CASREP, and
bearer walk-through requisitions are prepared on a real-time,
on-line basis. Preparation for all other issues is accom-
plished by batch processing throughout the day with the
majority being processed during the third ADP shift. The
policy for this processing is that routine issue documents
will be delivered to the Material Department by 0630 the

following day at the Broadway Compound and by 0700 at the

NCA.




Once the DD 1348-1 issue document is delivered to the
appropriate warehouse, (refer to 'Block D' at node 5 in
Figure 9) the material, if actually available, is picked and
the DD 1348-1 processed for issue and delivery. To eliminate
an inordinate number of bearer walk-throughs requisitions,
the Supply Center also utilizes a rapid issue response svstem
called "Quick Pic." Under this svstem, urgent material re-
quirements for local customers are submitted to the Customer
Service branch. Overnight processing and next day delivery/
availability is guaranteed if the material is actually on-
hand. The "Quick Pic" document flow parallels that of IPG I
and bearer walk-through requisitions.

The next section of this chapter discusses the actual

movement of material after it is picked for issue.

E. MATERIAL FLOW ANALYSIS

Although the geographical separation of the Supply
Centevr's facilities complicates several aspects of their
operations, its effect is most pronounced in the area of
material flow. As will be seen in the following subsections
describing the issued material flow at each of the three
locations, the amount of material double handling induced by
this arrangement appears to be considerable.

Prior to discussing the specifics of each location, it
should be stated that in general, material can move through-
aut *the Center in three ways. These are bv means of the
AMHS/3MHS svstems previously mentioned, materials handling

equipment (MHE), and automotive vans and trucks.
41
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Table 3 1lists the MHE equipment assigned to the Material
Department prior to 1 October 1980. This equipment was used
primarily to transport unit load material (mainly pallets)
in preparation for further delivery. That is, the MHE either
moves bulk items from the warehouse storage locations to a
central staging area, or it loads the material on another
vehicle for delivery. While the above statement is applicable
to most of the Material Department's MHE, an exception did
exist in the use of straddle trucks assigned to the NCA. In
addition to performing the above functions, these particular
units are also employed as the primary delivery vehicles for
most classes of material transported to 32nd Street customers.
They were assigned this task because of their ability to
maneuver through pier congestion and handle the average order
size.

With regard to the use of vans and trucks for intra-Supply
Center movements, NSCSD utilizes this equipment for both
scheduled runs of tractor trailer units and for pick up of
spotted empty trailers or flatbeds. These particular ap-
plications will be discussed, where appropriate, in the
subsections below and in the following chapter.

1. Broadway Compound

Figure 10 is a flow chart of the material issue pro-
cess emploved at the Broadway Compound. As can be seen,
binnable material issued from Building 12 is transported via

the AMHS to the packing area on the second floor of Building 11l.

S G
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TABLE 3
] LIST OF MATERIAL HANDLING EQUIPMENT
N
CAPACITY GAS L2G EZLECTRIC DIESEL TOTAL
Forklifts
; “'zuuﬁi‘- 23 23
30090 1 1
4900 3 8 4y 83
6200 33 2 1 2 43
15009 1 2 3
20000 1 1
Total 70 10 69 5 154
iering Trucks
‘ 1ighppe Trucks 1 1
4000 6 6
2 Total 7 7
Platform Tzucks
(o2 R0 8 8
15000 2 1 3
Total 10 1 1
traddle-Cazzy Trucks
2355gg=a=cassy Irucks 1
30000 5
Total 6 6
Pallet Trucks
=EIOIT T 1 1
6000 2
Total 3 3
Iractors
7300 2
Total 2 <
Crane
20000 1 1
Tozal 1 1
Grand Total -55- -?5- -55— -g- -;5;~

' 3

TABLE 3 LIST OF MATERIAL HANDLING EQUIPMENT
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Once it 1is packed, the material is forwarded by convevor to

the delivery section located on the first floor of Building

11.

At that location it is segregated according to whether the
material is destined for local deliveryv, shipment by parcel
post/UPS, or some other rieans.

If the material is to be sent by parcel post or UPS
it is shipped without further movement by the delivery sec-
tion in Building 11. Conversely, if the material is marked
for a local customer the delivery section places it into a

local customer storage area where the material is kept seg-

regated by consignee until the customer's next scheduled

delivery day (to be discussed in the next chapter). At that

time, material not destined for activities located at the

32nd Street Naval Station is loaded by MHE on trucks and

delivered. Material for the 32nd Street activities is sent

by truck to the sorting vard at the NCA where it is con-

solidated with other material for that customer prior to
its delivery to them.

Material being shipped out of the area by means other
than parcel post or UPS was held at the deliverv section in
Building 11 until transportation was avallable to take it to
the shipping section in Building 65 at the NCA. The Supply
Center had a dedicated run consisting of a tractor trailer
or flatbed scheduled for this purpose at noon each dav,

Bulk material issued from Broadway Zollows the same

zeneral procedures delineated above. The prime Jifference
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is that the material 1s usually staged in the area adjacent
to its storage site, then transported by straddle truck or
BMHS vice conveyor, to the staging area on the first floor
of Building 11.

2. National City Annex

- In many respects, the NCA's material issue process

is simpler than that used at the Broadway Compound. As

F displaved in Figure 11, material picked for local delivery
is moved by MHE from its warehouse location to Building 70
¥ where it is segregated and stored by individual customer
until their next scheduled delivery day. At that time it

is consolidated with the customer's material issued from the

Broadway Compound and delivered. Similarly, material des-
tined for parcel post/UPS or for out-of-area shipment by
some other means is moved bv MHE from its warehouse location
to the packaging and preservation section of Building 65.

At this point, material is segregated by mode of shipment.
The parcel post items are shipped directly from the packag-
ing area while material assigned other transportation modes
is forwarded by MHE to the shipping section in Building 65.
The material is held at this location only until the req-

uisite documents can be processed and carrier pick-up arranged.

3. Long Beach Annex

The Long Beach Annex has the least complicated ma-

terial flow pattern of the three locations. Material picked

e

for issue to Long Beach local customers is moved via MHE from
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1ts storage location to the delivery section in Building 533
where it 1s segregated and stored by customer. Here it is

consolidated with incoming local customer material from the

; Broadway Compound and the NCA and delivered.

Material picked for issue to non-local customers is
moved via MHE to the packing and preservation section of
Building 30 where it 135 segregated by mode of shipment and

shipped accordingly.

‘ F. VOLUME AND TYPE OF BUSINESS
The purpose of this section 1s to provide an overview of

the volume of business conducted by NSCSD and its apportion-
ment between local and non-local customer support. In
addition, where appropriate, statistics pertaining to the
Supply Center's effectivenes: in meeting material availabil-
ity and processing standards prescribed by higher authority
are presented.

} To obtain a picture of NSCSD's overall volume of business,

E the UA 26 "Supply Distribution and Inventory Control Oper-

i“ ations Report" was examined. This report is assembled by

: the Supply Center on a monthly basis and summarizes such

details as the total material requests received and issues

made. Compilations of these reports were made for both the
twelve-months period between 1 October 1979 and 30 September
{.iﬂ 1280, and the nine-months period covering 1 January 1980
' through 30 September 1980. The second recapitulation was

included so that direct comparisons could be made with the

43




restricted data base used in the local delivery analysis
presented in Chapter IV. The numerical results of these in-
vestigations are shown in Table 4.

Areas of Table 4 that are of particular interest to this
study include the 'net' and '"point of entry'" material avail-
ability figures (85% and 63.1% respectively), and the ratio
of ashore to afloat unit issues.

The net material availability figure (line 8 under
Breakdown of Requests in Table 4) represents the percentage
of standard stock material requests from all sources, in-
cluding local customers and requisitions referred by other
supply activities, which were filled from NSCSD stocks. Conj
versely, the point of entry effectiveness figure (line 11)
is constrained to reflect only those requisitions for which
NSCSD was the first supply activity to receive the request.
Since NSCSD is ordinarily the requisition point of entry for
only local customers, this figure can be construed as an
indication of the Supply Center's ability to satisfyv local
customer requirements.

The wide disparity between the two support measures
722.4%) can be explained by the fact that the net material
availability figure excludes {rom consideration any item
which is not carried in stocx by the Supplv Center. As such,
it accounts for their success in filling requests for material

that thev should have had on hand. C(onversel., the point of

entry effectiveness Iigure accounts for all standard stocex




TABLZ 4
SIMAARY STATISTICS OF ISSUZS MADE
1 oCT 73- 1 JaN 30~ NAVSUE
BREADDOWN COF REQUESTS 30 szp 80 30 SZp 8¢ STD
1) Total Re jues*s Recvd 1,300,888 1,411,959
2) txcluded as ¥on-sti 95,429 77,368
3) Req for sStd Items 1,705,459 1,334,592
4) 5td Items XC 470,325 373,551
5) Yet Requests 1,235,134 361,041
6) S+*d I+<2ms NIS 179,504 142,195
7) Issues of Std Itenms 1,055,630 318,936
8) Net Matl Avail (7/5) 86.5% 88.2%  85%
49 POZ Regquests in_ (3) 1,456,304 1,143,296
3) P20E IssSues _in (7 918,630 713,936
f17) 398 E28&fivends) 63.1% 62.5%  65%
BREAKDOWN OF ISSUES
1) Issues to *he Fleet 716,305 555,610
2) Issues to Yavy Act 303,425 237,825
3) Issues to Other Act 31,058 69,983
4) Total Issuesx* 1,110,788 363,418
TOTAL ISSYES BY IPG
IPG I 38,559 30,460
IPG II 325,921 253,510
IPG IIX 746,308 579,448
To=al 1,110,738 863,418
*The zotal issue figure exceeds that of the standard
3tock issues becausé *h= former reflects such _items as
logal_siock numbers, cash sales, and non-standard
materia

TABLE 4 SUMMARY STATISTICS OF ISSUES MADE




requisitions initially submitted to NSCSD regardless of
whether or not the Supply Center is supposed to carry the
material. As such, it represents not only the success of
NSCSD in meeting local requirements, but also the degree to
which the ICP's and the Supply Center have established the
correct range of items to be stocked.

With regard to the ratio of shore to afloat unit issues
the majority (64.5%) were made to fleet units. It is worthy
of note, however, that a relatively large percentage (27.4%)
of the issues were to Navy shore activities. As will be
shown in Chapter IV, the preponderance of these were attrib-
utable to local Navy industrial activities such as the Naval
Air Rework Facility (NARF) North Island, Long Beach Naval
Shipvard (LBNSY), and Ship's Intermediate Maintenance Activity
(SIMA), San Diego. This assumes appreciable importance when
reviewing the local delivery syvstem because of the ramifi-
cations that different service levels can have on production
scheduling.

The UA2Z6 report also contained several interesting
statistics relating to shipment time frames. For example,
the report delineates the total number of items shipped in
each of the three issue group categories, and the number of
these that were shipped within prescribed time frames. The
shipment statistics for the same twelve and nine-months

periods 1re shcwn in Table 5.
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TABLE 5
BREAKDOWN OF SHIPMENTS

12 MONTHS 9 MONTHS
¥ Shipped % Shipped
Number on nge Nuaber on nge
IPG I 34,300 92.4% 26,959 92.5%
IPG II 299,281 89.6% 232,675 91.09
IPG IIT 663,679 95.7% 507 ,0u41 95.6%
Total 997,260 53.7% 766,675 954.1%

As can be seen from Table 5, the greatest volume and
highest percentage of "shipped on time" are associated with
IPG III requisitions. The greater shipping effectiveness
in this area can, perhaps, be attributed to the more lenient
time standards related to that issue group.

As mentioned at the beginning of this section, the in-
tent was not only to describe the overall volume of business
conducted by NSCSD, but also to consider its apportionment
between local and non-local customer support. Although the
UA26 report does not provide any information in this regard,
the data was extractable from NSCSD's DHF.2 This -allowed

an approximation of the Supply Center's work load between

local and non-local customers.

|

“This was done bv sorting and summing the file on the
status code and mode of shipment fields as a unique mede
of shipment code (Code "9") should be assigned for all
local deliveries.

[
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Analvsis of the DHF for the period 21 November 1279 through

350 September 1980 revealed the statistics shown in Table 6.

—
TABLZ 6
YODES OF MATERIAL SHIPAENT

tg

MODE QP SHIPMEWT % OF ISSUES
1) Local D=slivery _ 79.253%
2) Izem 2rocessad for Sh lpment to 8.25%
Local Customer bu-= de not

Speciiiad

(3) Item Processed for Shipment Out .73%
of Ar2a but Mode not soec;f;eu
4 Motor/T:uck 1.03%
5) Other Land .13%
6) Parcel Post 8.507%
7) UPS/¥ail .12%
38) Logair/Quicktrans 1.10%
9) O+xher AL: .067%
(10} datsr Cargo .13%

Total 100.0

o
o

—

Table 6 indicates that at least 79.25 percent, and most

probably 87.5 percent (1+2) of all the issues made h»v NSCSD

[¢°]

were for local customers. It also indicates a possib!l

documentation or material flow problem at the Supply ente

]

As shown, 8.98 percent of all issues were designated as heing

processed for release and shipment (status code 'BA')} wit:

joy

no mode of shipment ever being specified. Constraining the
analvsis to issues made on or before 30 September 1280
eliminated the delay involved between generation of the issue
document and shipment as a possible explanation because the
DHF was updated for least another 51 davs. Therefore, it
must be presumed that the situation was attributable to either
lost documents and/or lost material. Wwhile time constraints

srevented investigation of this area, further study appears

warranted.

7
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For the purposes of this thesis, it was assumed that all

material processed for release to local customers was, in
fact, shipped. Thus, the 37.5 percent figure was utiliced

as the local customer share of NSCSD's work load.
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ITI. LOCAL DELIVERY SYSTEM

A.  BACKGROUND

The objective of this chapter is to document the system
emploved by the NSCSD to deliver material to local customers.
To this end, the following sections will discuss: identifica-
tion of the local customer base, the Supply Center's local
delivery organization and assets, and the services it provides.
It should be noted that this examination is limited to only
those deliveries affected under the auspices of NSCSD, and as
such, does not consider delivery or transportation services

performed by the Supply Center's customers.

B. LOCAL CUSTOMER BASE

Before an analysis of NSCSD's local delivery system could
commence, it was necessary to first determine who the local
customers were. To do so, two primary criteria were used;
distance from NSCSD's facilities and requisition activity.
For the purpose of this study, activities were considered as
local customer candidates if they were either located within
a 100-mile radius of NSCSD's Broadway Compound or were resi-
dents of the Long Beach Naval Station. Application of this
initial standard to the Navy Material Transportation Office's
"NAVMTO) Fleet Freizht Forwarding Guide [FFFG), NSCSD's Name

and Address file, Commander Naval Surface Forces, Pacific

P COMNAVSUREPACT or

zanization chart, and Commander Naval Air

i
[N}




Forces, Pacific (COMNAVAIRPAC) organization chart generated
a list of over 800 potential recipients of the local delivery
system's services.

This initial compilation was further refined by requiring
that an actual "local customer'" must have requisitioned and
received, via local delivery, material from the Supply Center.
The reason that this constraint was imposed is that, in deal-
ing with a local delivery svstem, one is concerned with
scheduling an efficient distribution of material to those who
use it. To include those that have not received (and because
of their small size or special circumstances most probably
will not receive) material would lead to a distortion and
probable dilution of the effectiveness of system scheduling
and planning.3 In many respects their inclusion would be akin
to a department store basing its sales projections for a
particular item so0lely on the total population of an area in-
stead of past market experience.

The method employed to accomplish the above was basically
the same as that discussed in Chapter II for apportioning the
Supply Center's work load between local and non-local custom-
ers. Simply restated, the authors sorted the NSCSD DHF tapes
oy unit identification, status, and mode of shipment codes.
The resulting list of activities was then validated by compar-

ison with the candidate list Jdescribed above, and in a few

“Customers who pick up their own material were therefcre
excluded,

(2]
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questionable cases, contact with NAVSURFPAC and NAVAIRPAC
starfs. This process culminated in the identification of
352 local customers, of which 188 were shore activities and
164 were afloat commands. They are listed by major geo-
graphical area in Appendix A,

Most of the activities delineated in Appendix A are
physically located with other units of their tvpe within the
confines of major military reservations. Most notable among
these are the concentration of: afloat and ashore aviation
units at NAS's North Island and Miramar; afloat and ashore
surface units at the 32nd Street Naval Station, NSY Long
Beach, and NAB Coronado; training units at NTC San Diego;
afloat and ashore submarine units at the Submarine Support
Facility Point Loma; and Marine units at the Marine Corps
Recruit Depot (MCRD) and Camp Pendleton. Due to the close-
ness of the individual commands on these reservations, dis-
cussions of distances except in the aggregate to these
geographical clusters would unnhecessarily complicate the
planning parameters. Figure 12 is a map showing the relative
location and approximate distances of these major customer
centers from NSCSD's Broadway Compound. In addition, it also
displays major access routes to them.

Any analysis of the local distribution system should not
onlv »e concerned with who the local customers are, and their
distance from the Supplyv Center's facilities, but also the

amount of time required to deliver material to them.
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Unfortunately the authors experienced two problems in attempt-

ing to quantify the amount of time taken to deliver material
to specific customers. First, the myriad of alternate routes
to the <customers, in conjunction with the concentration of
activities in geographical clusters, meant that the use of
over-the-highway distance time computations would be highly
questionable. Secondly, individual customer service times
were neither constant nor deterministic. The large variance
in the amount of material delivered to a specific customer
on a given day or run (see Chapter IV) induces a similar
large variance in offload times. Therefore, individual
customer service times had to be viewed as random variables.
Furthermore, the absence of any statistical information per-
taining to the probability distributions prohibited formu-
lating any defensible statements about service time beyond
the simple aggregate mean figures presented by Clausen.

[Ref. 4: pp. 24-25]

Given the above factors, only certain general statements
may be made concerning the delivery time factor. First,
vehicles destined for all of NSCSD's local customers, except
Long Beach, commence their daily runs at approximately 080C.
The scheduled Long Beach delivery leaves NCA at approximately
0300. Secondly, the survev of NSCSD driver logs done by
Clausen indicated that each driver spent approximately 31
percent of his time traveling, 33 percent offloading material

at customer locations, and 36 rercent lcading material at

(7]
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the depot or performing administrative functions. Lastly,

according to the transportation hold time figures quoted by
Clausen [Ref. 4: p. 25] and reproduced in Table 7, there
was an appreciable delay incurred between the time that
material was turned over to the transportation organization

and its actual delivery,

P e e e m—m A S S e AP = ) D e M e e s o s e o +
TABLE 7
ASCSD TRANSPCRTATICN HGQLO TIMES
MCNTH IPG 1 IPG II Ip5 I11
APR 890 l.5% 4452 7.19
MAY 30 «84 2 el eE1
JUN 8) 1.0¢ 4,08 3.57
JuL 83 = mmme—me- NOT AVAILABLE-====—-
AUG &9 e5SG 2e 3.87
SEP EO l.ZZ "‘3 ‘1014
NAVSELP STD l1.0C 3,00 7.CC
P o e e e e e W o S e . e e A A S e L e A T s i e +

C. LOCAL DELIVERY ORGANIZATION AND ASSETS

The Delivery Branch (Code 3032) is responsible for all
local delivery operations. As displaved in Figure 13 it
organicationally falls within the Material Department's
Transportation Division (Code 303). The branch itself is
divided into two sections, the Broadwayv Delivery Section
{Code 30321) and the National Citv Annex Section {Code 30322).
These two sections have, among other functions, the following
responsibilities: [Ref. 1: pp. 19-86]

1. Maintain in-transit storage facilities for material

awaiting shipment/delivery from Building 11 at the

8roadway Compound and NCA.
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2. Assemble, segregate, and accomplish physical
disposition of in-transit material.

5. Consolidate material by destination, activity/
geographical area into larger shipping units;

serve as a shipment consolidation point for

local delivery.

4. Deliver material to ships and shore stations.
5. Assign, schedule, and dispatch automotive equipment
and straddle trucks.

Figures 14 and 15 depict the Code 30321 and Code 30322
organizations, respectively. The actual employment level
for these two sections averaged approximately fifty personnel
during the period 1 October 1979 through 30 September 1980
(FY80).

The majority of the vehicles/equipment used in providing
local deliverv services are rented on a monthly basis from
the Public Works Center, San Diego (PWCSD). While drivers
are available from PWCSD, the rental method chosen bv NSCSD
covers only the availability and maintenance of the units.
Under this arrangement, NSCSD is responsible for providing
its own drivers, scheduling maintenance, and fueling the

vehicles, Table 8§ presents a list of the vehicles/equipment

50 leased.

The remaining local deliverv carrying capacity 1is

o]
8]
o]

'

m

vided by NSCSD MHE and two commercial contracts. The MH

y utilized for deliverv of material to local customers 1

t
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TABLZ 8

10CAL DELIVERY VEZHICLIS/EQUIPMENT

NAVY V=HICLES

TYPZ
Trrauck, 1/2 ton Pickup
Truck, 5 ton Van
Truck, 5 ton Refrigerated Van
Tractor, S ton
mractor, 7 1/2 ton
Tractor, 10 ton |
van, 20 ton Refrigerated
Van, 40 ft.
Trailer, 32 ft. Flatbed
Trailer, 40 f£t. Flatbed
Trailer, 45 f£t. Lowboy
Trailer, 55 £t. Lowboy
COMMERCIAL VEHICLES
TYPE
Tractor, 5 ton
Tractor, 7_1/2 *ton
Tractor, 10 ton
Trailer, 40 f£t. Van
Trailer, 40 ft. Flatbed

[ Y=Y
ol e N ) QOO b

TABLE 38

LOCAL DELIVERY VEHICLES/EQUIPMENT




generally limited to the four NCA straddle trucks. Since
by law thev may not travel on public roads or highways,
thev are confined to serving ashore and afloat customers

located at the 32nd Street Naval Station. Of the two com-

mercial contracts, one is a "local dravage'" contract with
Industrial Freight Systems. By its nature this contract

can only be used to augment delivery capabilities in the
metropolitan San Diego area. The other arrangement 1s a
commercial carrier rental contract with Border Express which
is emploved to increase the delivery capacity to Long Beach.
The commercial equipment available under these arrangements
is listed at the bottom of Table 8.

The carrving capacities of the individual pieces of
equipment vary significantly. They range from a high of
approximately 1200 cubic feet or thirty measurement tons for
the twentyv-ton refrigerated vans, to a low (excluding pickup n
trucks) of seven pallets for the straddle trucks. In general,
the 32-foot, 40-foot, 45-foot and 55-foot flatbeds and lowboyvs
can, if not double stacked, handle 14, 18, 22, and 26

measurement tons respectively.

D. DELIVERY SERVICES PROVIDED

The NSCSD local delivery system utilizes scheduled ded- }

icated runs, semi-scheduled dedicated runs and customer :zone

deliveries, and irregular and/or expedited dispatch to dis-

tribute material to its local customers. However, before ;

1

v

L : 1 : : - - . ] H
sroceeding with a discussion of these delivery methods,
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several points must be recalled concerning the Supplyv
Center's material flow and utili:zation of delivery equipment.

With regard to material flow, it must be remembered that
all three primary NSCSD locations (Broadway Compound, XNCA,
and Long Beach Annex) make deliveries to local customers.
Deliveries of GSX material and semi-perishable subsistence
items destined for 32nd Street Naval Station activities are
made by the NCA local delivery section even if the shipment
originated from one of the other NSCSD locations. In such
cases, the non-NCA material 1s consolidated at Building 70
with NCA material for the same customers before delivery to
them. Similarly, deliveries to Long Beach local customers
are made by the Long Beach Annex after sorting and consol-
idating the material in Building 53. Deliveries to other
activities in metropolitan San Diego and to Camp Pendleton
are made by either the NCA or Broadwav Compound local Jdeliv-
ery sections depending on where the material is warehoused.

The primary exception to the above 1s that frozen and
chill subsistence items and fresh fruits and vegetables are
delivered to local customers directly from the Broadway Com-
nound and California Ice and Storage Company [Cal Ice) ware-
nouses where they are stored. The Cal Ice facility is
located approximately 2.5 miles southeast of the Broadway
Compound.

The other point to remember is that NSCSD emplovs a

variety of equipment to deliver material to 1ts local

[




customers. As was mentioned in the last section, trucks or
tractors pulling trailers or vans are utilized to make all
deliveries except to 32nd Street Naval Station customers
(particularly ships) where straddle trucks are used. With
the exception of high volume dedicated runs, trucks and
tractors normally haul material for several customers at the
same time. Straddle trucks, on the other hand, are highly
maneuverable vehicles specifically designed toc carry
palletized loads short distances. As such, they are well
suited to serving fleet and shore activities at the 32nd
Street Naval Station because of their ability to operate in
congested areas and the closeness cf the customers (all are
located within 1.7 miles of Building 70). However, their
maximum carrving capacity 1s seven pallets at once, there-
fore they are generally limited to serving onlv one customer
before returning to the Annex for another load. It should

to the

[}

also be noted that the NCA provides forklift truck
32nd Street ships to aid in unloading trucks from either the
Broadway Compound or Cal Ice.4
With that as background, the following subsections will
define each of the four deliverv modes and address who re-
ceives the service. In addition, this section wiill conclude

with a brief descripticn of the svstem's actual daily operation.

1. . . . .
"forklifts are provided bHv NC\ when the volume of the
deliverv warrants their use,




1. Scheduled Dedicated Runs

These runs are considered to be those where both the
frequency of delivery and the time of equipment departure
from the Supply Center are published in advance. In general,
thev are utilized by NSCSD only when the volume of material
to be delivered is both high and relatively constant.

Table 9 displays these runs, their frequency, time of depar-
ture, and destinations. It is worthy of note that the
majority of them are used for intra-Supply Center movements
of material from the Broadway Compound to the NCA or from
the Broadway Compound and NCA to the Long Beach Annex. The
reason for this 1s assumed to be the more predictable move-
ment volumes based on the consolidation of customer orders.

2. Semi-Scheduled Dedicated Runs

These runs are considered to be those where the
Hasic frequency of delivery, and thus the customer's knowl-
edge that the material will be delivered on a specific day,
is promulgated in advance, but not necessarily the time of
day of actual delivery. As can be seen from Table 10,
these runs are primarily used to provide provisions to large
ashore enlisted dining facilities and general material to
industrial activities.

5. Semi-Scheduled Customer Zones

As can be seen from the above subsections, dedicated
runs are reserved for only the largest of NSCSD's local

customers. The vast maioritv orf deliveries are affected
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TABLZ 9
SCHEDULED DEDICATED RUNS

JEREQ _TIdE_ ___DESTINATION . CARGO

Daily 0230 Long Beach Anrex GSK*

Daily 0830 Navsta Servmart GSK

Daily 0930 NCA Bldg 270, PWCSD, GSK

pi25haRe 351 Quiek

Daily 1000 NCA Bldg 70 G3K

Daily 1200 NCA Bldg 6% GSK

Daily 1300 NASM and Servmart GSK

Tue/Thu 0400 Long B=zach Yavs*ta Subsistence

*GSK - general stores material (all material other than
Suksistence)

TABLE 9 SCHEDULED DEDICATED RUNS




TABLE 10
SEMI-SCHEDULED JDEDICATED RUNS
FREQ DESTINATION CARGO
Twice daily 32nd St. Piers Subsistence (F/Ch)
Twice daily 32nd st. Piers Subsistence (Fr)
Daily 32nd St. Piers 35K
Daily All shore GSX
activities
Daily NCA Bldg 70 GSK
Daily Long Beach Annex GSK
and "Servmart
Twice weekly LBNSY GSK
Téice weekly NASNI afloat Subsis~ence (F/Ch)
uni+s
l Twice weekly MCRD GSK
4
‘ deekly 32nd st. ZDF Subsistence (F/Ch
Weekly NAsSH Subsistsnce (F/Ch)
Weakly Camp Pandlston Subsis<ence (F7/Ch)
Weakly NRAC Balboa Subsistence (7/Ch)
Waekly NASNI EDF Subsistence (F/Ch)
deekly Amphit Base Subsistence (Fr)
deckly NASNI EDF Subsig=zence (Fr
deekly Camp Pendleton 3SK
dAeakly Property DJisposal ixcess Pooparty
Note: the time of Jeparture and actual nuamber cf
cuns varies with the workload
Leg2nl: P - Frozen Subsistance
Ch - Chill Subsistance
P- - Presh 3Subsistance . )
GSK - General S%tores Materlal (ali materlial other
+han 3subsistence)
TABLE 10 SEMI-SCHEDULED DEDICATED RUNS




under a customer -one delivery plan. Basically the plan
entails dividing the local area into eleven geographical
areas (zones) and scheduling deliveries to customers in
these zones on a predetermined day of the week schedule.
Figure 16 displays the current construct of the delivery
cones (and is annotated with the major customers in each)
and Table 11 lists the current zone delivery schedule.
Table 12 presents a more detailed breakdown of the :zones by
major customer concentrations and will be referred to
periodically. The reader is referred to Appendix A for a
complete list of the customers in each :zone.

The zone delivery arrangement was instituted be-
cause, in general, the amount (both of weight and cube) and
regularity of material delivered to the majority of local
customers was insufficient to warrant a dedicated scheduied
delivery. By utilizing the zone delivery plan, NSCSD is
able to consolidate material movements in order to more ef-
ficiently utilize their delivery resources and thus reduce
the cost per measurement ton (M/T) of material moved. It
must be realized though, that while this may be advantageous
to the Supply Center, it does create problems for the re-
ceiving activities. The most notable of these is that on
any given delivery day the activity is not aware of whether
or not they will receive material, let alone how much or at
what time of the dav. As a result, receiving activities are

orecluded from doing any advance receipt planning and quite
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TABLE 11
ZONE DELIVERY SCHEDULE

Z0NE DAYS DELIVERED
1 Yonday/Thursday
2 Yonday,Thursday
r 3 Tuesday/Friday
4 Yonday *hru Friday

(as required)
Yonday/Wednesday

——
(81}

Tuesday/Thursday !
Monday/Wednesday
Tuesday/Friday

O W 3 O

Monday thru Friday
(as required)

TABLE 11 IONE DELIVERY SCHEDULE
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TABLZ 12
NSC LOCAL CUSTOMERS AND ZONE DESCRIPTICNS

ZONE LOCATION/
NUMEZR DZSCRIPTION CUSTOMERS
1,2,3,4 Afloat: ]
32nd Street Piers 1-13
and outer buoys
Afloat 84
Aviation Dets 3
5 Centrai:
32nd_Street Complex &
Naval S<ation
Aflca; 2
Aviation De=s 1
Ashore 19
6 Nort hwest: .
Submarine Support Pacilizy
float 29
_Ashcre, 4
Naval Training Center Aarea
. Ashore 8
Point Loma Area
. _Ashore 5
All Others
! Afloat (USCG) 1
Ashore 19
7 Nort heast:
YAS Miramar Area
Air Squadrons 17
Ashora 6
NYaval Hospital 1
| ALl Others 10
1
i 3 Yational City Sou*h &
H Coronado Panlnsula'
NAS Nor<h Tsland
Air sguadrons 20
Afloat 8
Ashore 18
Coronado 12
All Others 10
3roadway Complex Shore Uniss s
Canmp Dendle*on
Squadrons & Groups 3
3a++alions 9
Othars 12
LE Lorng Beach
£loat 35
Ashore 11
TABLE 12 NSC LOCAL CUSTOMERS AND ZONE DESCRIPTICNS
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often must interrupt other scheduled evolutions in order
to receive the delivered material,

4. Irregular/Expedited Dispatches

This method of delivery is utilized when circum-
stances prevent using one of the other scheduling methods.
They occur when either the criticality or volume of material
calls tor some tvpe of special handling and/or deliverv.
Therefore, these runs are alwavs scheduled on an as-required
basis.

Regarding the actual operation of the local delivery
svstem, with the exception of the scheduled dedicated runs
listed in Table 9, the Broadway Compound and the NCA delivery
section foremen actually dictate the first runs to be made
on any given dayv. They base their decisions on a knowledge
of the priority and total volume of material to be delivered
to specific customers/zones that dav.

After the first deliverv runs of the dav have been com-
nleted, the dispatcher at the Broadway Compound takes control
of vehicle movements and the remaining deliveries. He bases
his routing decisions on inputs from both the Broadway Com-
pound and the NCA foremen who keep him apprised of issued
material volumes, priority, and destinations. Wwhile this is
an extremely flexible system, its approach precludes attain-
ing optimal asset utilization. The reason is simply that it

is impossible for the dispatcher to fulfill all the functions

of a vehicle scheduling algorithm., Civen the telephonic




T

information processing systems utilized, the volumes of

material movements, and time constraints faced, it is im-
possible for one person to have the entire realm of data
concerning the volume of material, priorities, Jdestinations,

and possible routing alternatives, or the mathematical

background and time to seek efficient assignments.




IV, LOCAL DELIVERY VOLUME OF BUSINESS

This chapter will include a discussion of the volume of
business associated with the delivery of material to local
customers. Included in this discussion will be sections
addressing the analysis of requisition, material issue, and
weight and cube volumes of business, an ABC analvsis of the
work load, the effects of material double handling, and
lastly, a section discussing the extrapolation of the

nine-months data to a twelve-months period.

A. DATA REDUCTION

It was originally intended to limit the work load anal-
vsis of NSCSD's local delivery svstem to the information
available from the Supply Center's Uniform Management Reports
and production reports. However, as mentioned in Chapter I,
several problems were encountered with the data which se-
verely restricted the application of this approach.

To reiterate, the principal limitation of the above
technique was that the summary form of the information from
these reports »nrecluded a detailed analvsis of the work load
associated with fulfilling the local delivery distribution

function. Table 13 presents the material movement statistics

which were extracted from the Uniform Management Reports for

he Transportation Division. As can be seen, it sim
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TOTAL PALLETS OF MATERIAL MOVED BY NSCSD

Jun
Jul
Aug
Sep

80

TOTAL

TABLZ 13

PALLETS MOVED

TABLE 13

TOTAL PALLETS OF MATERIAL MOVED BY NSCSD




pallets, which were handled during fiscal vear 1980. While
this 1s sufficient to gain an overview of the magnitude of
the total local deliverv task, it leaves unanswered many
questions, such as individual customer or :one delivery
volumes, which are pertinent to the local deliverv planning
process.

Compounding the above problem was the lack of specific
customer delivery volume information in a form which could
be conveniently used in a computer or manual analysis. The
only material movement production report maintained by the
Supply Center which includes customer information is a dailv
log kept by each driver in Code 303 to document his move-
ments throughout the shift. A sample is shown in Figure 17.
While the sheer volume of these logs (one per day perdriver)
in conjunction with resource constraints eliminated any
possibility of compiling all the data they contained, a
sample was reviewed by Clausen [Ref. 1: p. 25] to compute
the average loading, transportation, and unloading times
reported in Chapter II. Consideration was given to using a
similar technique to estimate specific customer delivery
volumes, however, two factors led toc its abandonment. First,
due to the fact that each log may record deliveries tc only
a few customers, the desire to accumulate delivery statistics
an all local customers could not be met with anv reasonable
sample size. Secondly, and equally important, the head of

the Transportation Division f{Code 303) cautioned against
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their use for such a purpose because he considered their
accuracy to be questionable.

A third problem was encountered with the work unit NSCSD
uses to measure material movement. As can be seen in
Table 13, the Supply Center reports most material movements
in terms of the number of pallets transported instead of the
actual weight and cube. Theoretically, a standard Navy
pallet equals forty cubic feet, or one measurement ton.
However, as noted by Clausen [Ref. 4] and substantiated by
the head of Code 303 and actual observation, the loading of
pallets 1s not uniform because of the requirement to con-
solidate material by specific customer destination and the
irregularity of individual line item weight and shape. As
a result, appreciable instances of excessive or partial
loading are encountered. In the absence of anv statistical
analysis of pallet loads, it is assumed that the material
movements reported by the Supply Center represent, at best
gross approximaticns of delivery volumes.

As stated in Chapter I, to overcome these deficiencies
NSC3D's DHF and FMSO's FCF were utilized to obtain specific
line item ~ight and cube information for individual cus-
tomers. Hesever, even this data did not lend itself to a
complete analvsis, The primary problems encountered in this

1. The DHF from NSCSD did not include the entire fiscal

0

vear prior to SER. The period covered on the DHF
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tapes was 21 November 1979 through 20 November 1980.

Since this study is limited to the pre-SER time period,

the last one and one-half months of data could not be
utilized.

Similarly, whereas the requisitions date se-
quencing of the DHF means that it contains all
material requests received during the above period
(even for the first dav on the file), the same is
not true of shipping or supply action information.
It must be remembered that there are processing and
transportation hold time delays experienced between
the receipt of a requition and the actual shipment
of the material {Appendix B lists the time standards
set for this by higher authority.) Since the DHF
posts the shipping and supply action date to the
individual requisition record, the file does not
reflect shipping information until the processing
time has elapsed. This does not mean that the
Supply Center is not shipping anv material during
this period. In fact they are shipping material for
requisitions received prior to the start date of the
tape. Simplv restated, as reflected on the DHF, the
time lag between the regquisition preparation date on
which the file is based, and the actual supply action

date precludes immediate attainment or a steadv state

ot operations.
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The above, in <onjunction with a review of

statistics, led to the discounting of November and
December 1979 as a transition period to steady state
operations. Specifically, the Uniform Management
Reports for fiscal vear 12980 indicated that 67.2
percent of all issues made by NSCSD were for IPG III
requisitions. Since the time standard for receipnt
of locally stocked IPG III material by local cus-
tomers is 29 days, it was assumed that the DHF would
not reflect '"mormal" issue volumes until mid-December,
approximately thirty dayvs after the start of the
tape. This supposition was substantiated by a re-
view of the DHF generated "shipping statistics' for
those two months, which indicated smaller than av-
erage shipping volumes through late December.

The transition period, in conjunction with the

p0st-SER record problem, effectively reduced the
analvtically useable portion of the DHF tapes to
nine months. This resulted in the loss of 165,304
of the 1,806,823 records contained on the DHF.

As a recommendation for similar studies in the
future, it 1is considered desirable to have one com-
plete fiscal yvear of data prior to the SER, plus
data from the last quarter of the preceding fiscal

vear, to allow a transition to a steady state of

operations.
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The Freight Classification File (FCF) tapes from

FMSO contained incomplete data on line item weight

and cube. Noteworthy deficiencies were:

a.

there were 211,326 stock numbered items listed
on the DHF that were not listed on the FCF.
there were 200,332 stock numbered items listed
on the DHF for which the FCF contained no weight
or cube information.

there were 126,885 non-stock numbered items on
the DHF for which there was no available weight
and cube data.

there were some items on the FCF tapes for which
the weight and cube information was not in con-
formance with the unit of issue. Two notable
cases were lumber and gases. In the first
instance the unit of issue was board feet while
the weight and cube information was predicated
on one thousand board feet. Similarly, the unit
of issue for gases was cubic feet, vet the weight
and cube figures presented were based on a total
cylinder quantity.

Although an attempt was made to correct these
errors, the volume of data necessitated limiting
the verification process. The method adopted
was to individually print all requisitions with an

extended weight in excess of 2000 pounds or which

P—




were shipped on dayvs where the total material

movement exceeded 1,000,000 pounds. The line
item unit of issue, weight, and cube information

for those requisitions was then compared to

technical specifications for the item contained
in the Defense Logistics Agency 'Identification
List" file. In those instances where the FCF
data appeared inconsistent with the technical
description of the item, industry publications
and local distributors of similar product tvpes
were consulted to ascertain what the approximate
weight and cube of the line item should be for
the given unit of issue. The authors' merged
version of the DHF/FCF tapes was then corrected
accordingly. While this did allow some refine-
ment of the data, it must be assumed that only
the most obvious errors were rectified.

in general, only net weight and net cube in-
formation was recorded on the FCF tapes. There-
fore, accurate data concerning the weight and
cube added to an item by packing and packaging
material were not available. The lack of statis-
tically acceptable information in this regard
made the application of any compensating factors

extremelv gquestionable. s
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The actual statistical effect of the above problems
varied greatly, depending on the data one was trving to con-
pile. Its most pronounced effect was encountered in the
generation of local customer requisition statistics where
the nine-month steady state data base was reduced by 55.°7
percent from 1,229,183 to 544,188 requisitions. Converselyv,
its impact on records Jdisplaying local delivery shipping
status (BA status with either a mode 9 shipping code or no
shipping code) was less, but still significant as evidenced
by a 28 percent file reduction from 675,026 to 485,901
records. Since both the unmerged (with the FCF) full file
DHF and the merged reduced file DHF were used in different
areas of the analysis, terminology must be assigned to dif-
ferentiate which file was used at which point. For the pur-
poses of this study, the term "unconstrained DHF" shall refer
to the unmerged full DHF, and the term '"constrained DHF"
shall refer to the reduced DHF caused bv merging it with the
FCF. |
The difference in the above effects is assumed to be
attributable to the higher incidence of weight and cube in-
formation on the FCF for requisitions fcr material stocked
bv NSCSD than for requisitions for material which the Supply
Center did not carry. Validation of this supposition was
considered bevond the scope of this analvsis as it would
have required a three way comparison of NSCSD's Master Item

Stock Record file {(MSIR), the FCF, and the DHF. However,

3-
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it does not seem 1illogical to assume that the FCF would be

more apt to include information on, and NSCSD more likely

to stock, material which experiences a relatively high trans-

action volume since it is more likely to be transported and

requested.

Futher problems which restricted the scope of this anal-

vsis were encountered in the areas of accounting for the

movement of fresh fruits, vegetables, and frozen provisions;

the replication of all eleven local delivery zones/locations

utilized by NSCSD; and the determination of intra-Supply

Center material movements.

1.

Pl

The only information maintained by NSCSD regarding
the movement of fresh fruits, vegetables (FFV), and
frozen provisions was in summary form. As can be
seen from the available figures displayed in

Table 14, the data was limited to end-of-the-month
recapitulations of the total short tons and/or
pounds delivered by NSCSD. The lack of delivery in-
formation by :-one or specific customer, in conjunc-
tion with the inability to transform this monthly
data into any form of cube statistics necessitated
limiting the individual :zone local delivery analvsis

to only GSK material and drv provisions.

While NSCSD uses the eleven zones (nine in metro-
politan San Diego, plus Camp Pendleton and Long

3each) depicted in Figure 16, for local delivery
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purposes, the inability to ascertain specific ship

movements within the 32nd Street complex required ;
the merging of NSCSD's five 32nd Street Naval Station

zones 1into one zone. While this does not foster a

completely accurate representation of local deliveries

especially by the Supply Center's National City Annex

{NCA) operation, it did not preclude capturing weight

and cube information for deliveries to geographic

locales.

3. It was not possible to determine the extent of intra-
Supply Center movements of material between the
Broadway Compound and the NCA operation incident to
local delivery consolidation efforts. Since material
destined for afloat units is consolidated at the NCA
prior to delivery, the weight and cube figures re-
ported in this study are understated to the degree
that double handling of this material occurs. Al-
though an accurate estimation of this could not be
constructed from the available data, a rough approx-

imation was formulated using the analysis results.

The approximation is presented later in this section.
In view of the above, the nine months of steady state

information available for use in the local delivery analysis

have probably resulted in figures which are understated.

However, the figures are as accurate as could be constructed

trom the available data and are considered to he satisfactory
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for ascertaining the relative volume of material movement

to NSCSD's local customers.

B. LOCAL DELIVERY WORK LOAD ANALYSIS

With this in mind, the following subsections will present
the results of the local deliverv work load analvsis. How-
ever, since local delivery operations must incorporate how
often and what kind of material is being moved, as well as
how much, into their planning, it was decided to include
requisition and issue volumes with weight and cube statistics
in this effort. Each of these facets shall be specifically
addressed by delivery zones, sub-zones, and individual cus-
tomers in the succeeding subsections.

The sub-:zones, which are major geographical concentra-
tions of customers such as the 32nd Street Naval Station
and NAS North Island, are introduced to allow deliveryv des-
tinations to be more narrowly defined than the relatively
large areas or the :zones. The underlving intent was to
provide information that was more consistent with the actual
delivery method of consolidating shipments to co-located
customers. The sub-:zones so chosen for examination include:
from Zone 1, the 32nd Street Naval Station afloat units as
one sub-:cone and the ashore units as another; from Zone ¢,
ashore and afloat units (where applicable) located at the
Naval Training Center (NTC) complex, Submarine Support

Facilitv (SUBSUPFAC), and the Point Loma Compound respec-

tivelv; from Zone

T, activities located at NAS Miramar and

Ao’
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the Balboa Park Naval Regional Medical Center (NRMC); and
from Zone 8, ashore and afloat activities located at NAS
North Island and the Naval Amphibious Base (NAB) respectively.

Following the above, a rudimentary ABC analysis of the
welght and cube of the individual line items requested by
the local customers will be presented. This analysis basi-
cally reports the frequency of occurrences bv predetermined
categories, such as the number of times items weighing less
than five pounds were moved, and is useful from a planning
perspective. In addition, this section will close with the
rough approximation (mentioned above) of the magnitude of
material double handling incident to the consolidation of
deliveries at the NCA.

1. Requisition Volume Analvsis

Data concerning the number of material requests sub-

| am——

mitted by local customers were compiled to gain an apprecia-
tion of the requisition processing work load involved in

their support. The analvsis was conductead through a computer

-<

sort of the unconstrained DHF by the local customers listed

1 in Appendix A. The record fields sorted were the unique
Jnit Identification Code (UIC), assigned to each military
activitv by the DOD, and the requisition date field. This
n-ocedure indicated that the 352 identified local customers

submittad a3 total of 1,229,133 requisiticns to the Supply

“enter Jduring the nine-months period from 1 January 1280 to

300 September 1980. Thev accounted for 87.1 percent or the

d  ENaKCa - - -




1,411,960 requisitions which the "Supply Distribution and
Inventory Control Operations Reports' (discussed in Chapter i
II) indicated that NSCSD received during this time.

This information was further refined bv an extension of
the above technique to ascertain the high volume activities,
zones, and sub-zones. With regard to the volume of business
attributable to individual customers, Appendix C lists, in
descending order, the number of unconstrained requisitions
submitted by each activity. The requisition information it
contains for the top 21 requesting activities is summarized
in Table 15. (The top 21 customers were chosen for display
simply because a natural break occurred between the 21st
and 22nd customers.)

As demonstrated in Table 15, the top 21 requesting ac-
tivities, or six percent of the local customers, accounted
for 59.4 percent of the requisitions received from the local
customers {(and 52 percent of the requisitions received from

It is worthy of note that fifteen of the 21
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in Table 15 perform some tvpe of industrial
or repair functicn, and with the exception of the USS STERRETT
"CG 31) who was undergoing overhaul at the LBNSY, the re-
nainder are invoived in providing logistical support to the

operating forces. Furthermore, the majority of these ac- ‘

“ivities are located in either Zones 1 or 38 which, as shown

in Table 12, are major fleet concentration points.
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As displaved in Table 16 this generul statement is sup-
vorted bv the results of the :zone analvsi: which showed that
over 51 percent of the unconstrained DHF requisitions were
submitted by activities located in Zones 1 and 8. It iz
interesting to note, however, that even though Zones 1 and
8 have approximately the same number of top 21 customers
{8 and 7 respectivelv), Zone 1 generated significantly more
requisitions (12.5 percent). This 1s attributable to the
cumulative effect of the manv more individual activities
located in Zone 1 than Zone 8 (109 versus 68). This specific
supposition is reinforced by the sub-zone unconstrained reg-
uisition volume breakdown presented in Table 17, which
clearly shows that the afloat units located at the 32nd

Street Naval Station submitted the greatest number of req-

uisitions. This is most probably due to the fact that, in
general, the afloat unit: berthed there are relatively small
(predominantly destrovers and crulsers) and do not have
sufficient storage space to hold large quantities of material
in stock. Therefore, thev are forced to order less material,

al worthyv

s
4
(@]

more frequently, than other activitles. It i

,

0f note that four sub-:zones, comprising in actuality only

three jeographic locations {32nd Street, NASNI, and long

1ticn

5.3 percent of the total requil

e

3each!, accounted for

As shown in both Tablze 16 and Tabis 17, a =similar anal-
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TABLE 16
REQUISITIONS BY ZONE

UNCONSTRAINED PER CONSTRAINED PER
ZONE REQUISITIONS CENT REQUISITIONS CENT
T TTTTTus3, 508 36.9 229,001 42.1

6 127,018 10.3 53,546 9.8

7 65,U36 5.3 24,580 4.5

8 299,325 24 .4 107,225 19.7

9 78,299 6.4 26,176 4.8

P 12,367 1.0 6,850 1.3

LB 193,134 15.7 96,810 17.8

Totals 1,229,483  100.0 544,188  100.0

TABLE 17
REQUISITIONS BY SUB-ZONE

sv-zonz_zovey SEGRISTHBNE B SOMEIMNEN 2n
i2d street (1) 338,179 27.5 178,120 32.0
32nd Street (1) 115,725 9.4 54,881 10.1
Ashore
SUBSUPFAC (6) 95,995 7.8 40,423 7.4
NTC (6) 12,986 1.1 5,599 1.0
Point Loma (6) 11,538 .9 4,751 0.9
NAS #iramar (7) 51,483 4.2 17,850 3.3
NRMC San Diago (7) 9,277 .8 5,338 1.0
NASNI (8) 279,024 22.7 95,119 17.5
Coronado (8) 15,990 1.2 8,008 1.8
NSCSD (9) 78,299 6.4 26,176 4.8
2endleton (P) 12,367 1.0 6,850 1.3
Long 3each (L3) 193,134 15.7 36,310 17.8

Not2; Sub-Zones 6D, 7C, and 8C are dela+cd due %0 =hair
negligibls impact.
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percentage of the total requisition processing work load
attributable to the 32nd Street afloat units and Long Beach,
and understate that due to NASNI activities. These con-
strained requisition figures were not utilized in any sub-

sequent analysis, rather they are presented solely to

illustrate the extent of requisition records for which there
was no weight or cube data available on the FCF tapes.

1. Material Issues Analysis

Statistics on the number of material issues made to

local customers were compiled for the same reason as req-
uisition statistics. They were formulated using the same
basic computer sort procedure delineated in subsection one
for the requisition analysis except that the supply action
date field was substituted for the requisition date field,
and only records which contained local delivery status were
included. This procedure revealed that during the nine-
months time frame NSCSD made 675,026 issues to the 352 1local
customers. This accounts for 78.2 percent of the 863,418
issues which the "Supply Distribution and Inventory Control
Operations Reports' indicated that the Supply Center made
during this time.

X With respect to the number of issues attributable to
;“é individual customers, Appendix D lists, in descending order,
o the number of local delivery issues attributable to each

local customer. As displayed in Table 18 the top 21 re-

ceiving activities accounted for approximately 57 percent
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of the issues made to local customers, and 44.6 percent of
the issues made to all recipients. Nineteen of the 21 were
also in the top 21 requisitioning activities. The activities
which dropped off the list, the Fleet Aviation Logistics
Support Center and the Navy Electronics System Command Detach-
ment, are both logistical support oriented operations, where-
as the units which replaced them were both medical centers
(NRMC Camp Pendleton and NRMC San Diego). This simply
indicates that NSCSD was more successful in satisfying the
material requirements of the two NRMC's than it was those

for the other two activities. While an analysis was not
conducted to ascertain the specific reason for this, it is
not considered presumptive to assume that in general, the
NRMC's order a smaller range of more stable demand items

than the two logistical activities.,

In a somewhat similar vein, it is noteworthy that whereas
the NARF at NASNI was the number three requisitioning activ-
ity, it ranked as only the tenth activity in terms of the
number of issues made. This also is assumed to be reflective
of demand stability and range of stock material considerations.

A similar shift to that described above was found in the
results of the zone analysis. As exhibited in Table 19, the
percentage of total material issues attributable to Zone 8
is considerably less than its percentage of the requisition
processing work load displayed in Table 16 (18.1 percent

versus 24.4 percent). While four zones experienced higher

99




TABLE 19
SHIPPING DOCUMENTS BY ZONE
UNCONSTRAINED PER CONSTRAINED PER
ZONE SHIPPING DOCS CENT SHIPPING DOCS CZ=2NT
T T 268,200 39.7 202,406 41,7
6 68, 224 10.1 47,337 9.7
7 30,761 4.6 23,746 4.9
8 122, 366 18.1 91,978 18.9
9 66,432 9.9 26,014 5.4
P 8,833 1.3 6,943 1.4
LB 110, 209 16.3 87,477 18.0
Totals 675,026  100.0 485,901  100.0
TABLE 20
SHIPPING DOCUMENTS BY SUB-Z0NE
sus-zonz qove LSSTROMSER 2. SSEMSRINNSY &
3233 Strest (1) 208,234 30.3 150,887 31.1
Afloat
3znd street (1) 63,967 9.5 51,519 10.6
Ashors
SUBSUPFAC (6) 5t,784 7.7 36,471 7.5
NTC (6) 8,421 1.2 4,885 1.0
Pcint Loma (6) 5,507 .8 4,363 0.9
NAS Miramaz (7) 21,429 3.2 17,150 3.¢
NRMC San Digeo (7) 6,659 1.0 6,505 1.3
NASNI (8) 109,192 16.2 82,349 16.9
: Coronado (8) 9,976 1.5 7,321 1.5
? ¥Scsp (9) 66,432 9.9 26,014 5.4
«ﬁd Pendlaton (P) 8,833 1.3 6,943 1.4
Long Zeach (LB) 110, 209 16.3 817,477 18.0
Not2; Sub-Zones 6D, 7C, and 8C are deleted due zo <heir
negligible impact.
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issue percentages than requisition percentages (Zones 1,9,
P, and LB), the largest increases were detected in Zones 1
and 9. The reason is once again considered to be most prob-
ably due to the impact of greater stability in the range of

items requested by the activities located in these zones.

Despite this shift, the figures indicate that, as with

requisition processing, Zones 1 and 8 were the principal
contributors to the material issue work load. Specifically,
the analysis showed that over 57 percent of the unconstrained
DHF local delivery documents were destined for activities
located in these two zones. Furthermore, when the material
issues for only one more zone, Long Beach, are added in,
over 74 percent of the local delivery issue work load has
been accounted for.
1he same basic relationships exist for requisitions
submitted by. and material issued for, the sub-zones. As
shown in Table 20, the 32nd Street Naval Station afloat
units were the highest sub-zone contributor to NSCSD's work
. load. Two additional points are of interest here. First,
; the difference between the highest and next highest zones
is significantly greater in the case of material issues than
in requisitions submitted. And secondly, the issues destined
a‘ for 32nd Street afloat units far outweighed those destined

' for the activities located at NASNI.

With regard to the first point, there was only a 4.8

ercent difference (27.5 percent minus 22.7 percent) between
P ?
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P

the two sub-zones submitting the greatest number of req-
uisitions. However, there is a 14 percent difference (30.3
percent minus 16.3 percent) between the two zones generating
the greatest number of material issues. This clearly in-
dicates the predominate position of the 32nd Street Naval
Station afloat units as the greatest material issue volume
customers.

This same association is displayed in a direct comparison
of the 32nd Street afloat units' material issue volume with
the NASNI activity volume. Although both represent major
operating force concentration points (surface ships at 32nd
Street; aviation units at NASNI) and both contain industrial
activities (destroyer tenders at 32nd Street; NARF at
NASNI), the 32nd Street afloat units' material issue work
load at NSCSD was almost double that of NASNI. This is
considered to be indicative of the pre-SER supply support
mission of the Supply Center. It must be remembered that
prior to SER, NASNI was responsible for providing aviation
material support, not the Supply Center.

3. Weight and Cube Analysis

The local customer weight and cube analysis also
used a computer sort of the DHF to compile the statistics.
However, several important differences exist between this
and the previous sorts. First, by necessity, the weight and

cube analysis sort was performed on the merged DHF/FCF file

which was constrained to those records with weight and cube
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information listed on the FCF tapes. Secondly, it was nec-
essary to bring into consideration an additional category
of material movement, namely material received by NSCSD for
further transfer to its local customers.

The "for fu..ner transfer (FFT)'" type of material move-
ment to local customers occurs when another governmental
supply activity or a commercial contractor specifically
sends material to NSCSD for delivery to another activity.
It can arise from a myriad of situations, many of which
invoke a great deal of latitude by supply personnel in de-
ciding whether to have the material delivered directly to
the requesting activity or sent FFT to NSCSD. For this
reason the delineation of all possible FFT circumstances,
and thus their inclusion in the analysis, was considered
impractical.

However, as mentioned in Chapter II, NSCSD had a POE
effectiveness rate of only 63.1 percent during fiscal year
1980. This means, in general terms, that over one third of
all the material requests it received were possible candi-
dates for FFT. Therefore, it was considered appropriate
that some attempt to judge its magnitude, no matter how

rudimentary, should be made. The procedure adopted was to

limit the analysis to the most obvious candidates. Speci-

_h

fically, the only requisitions considered were those with
status indicating that NSCSD had passed them to another

supply activity for action, or which showed that NSCSD was

STy T W T TR Y T wwTe T e
.
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procuring the material from a commercial source for other

than direct delivery. In addition, since it is the policy

to ship as much out of area material as possible by parcel

post,

the above data was further refined to include only

those items which could not qualify for parcel post shipment

because they exceeded either the weight or cube limitations

(70 1bs. and 6 cubic feet respectively).

e
7]

cedure
weight
it was
ceived

livery

can be deduced from the above, the FFT analysis pro-
generated at best a very rough approximation of the
and cube of such material movements. In addition,

not possible to determine either the date NSCSD re-
such material or the date that they effected its de-

because the DHF is not updated with such information.

Therefore, it was necessary to record FFT information accord-

ing to

the NSCSD supply action date (passed the requisition,

material being issued, etc.). Thus, there is no way of

knowing whether the material was actually received by NSCSD

or delivered during the nine-months period analyzed. For

these reasons, the derived FFT figures are simply presented

in Table 24. It should be remembered that at best it rep-

resents a gross approximation of this type of material

movement.

The general constrained DHF weight and cube procedure

(excluding FFT) indicated that NSCSD delivered 62,644,062

pounds

and 2,425,816 cubic feet of material to its local

customers during the last three quarters of fiscal year 1980.
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Table 21, Table 22, and Table 23 display the weight and cube

movement volumes to the top 25 local customers (25 were
chosen because of the convenient break point between the
25th and 26th customers), zones, and sub-zones respectively.
In addition, Appendix E lists in descending order the ex-
tended weight and cube of material delivered to each local
customer.

As portrayed in Table 21, the top 25 receiving activities,
or seven percent of the local customers, accounted for 34.7
percent of the total weight, and 36.5 per cent of the total
cube of material delivered locally. While the industrial,
logistical, and medical units (which comprised the top 21
requisitioning and material issue activities) are also among
these top 25, there are some noticeable shifts in relative
positions and some additions to the list. Of greatest sig-
nificance in this regard is the addition of activities which
maintain large personnel support operations (Enlisted Dining
Facilities, military clothing issues, etc.) such as the
Naval Training Center and the Commissary Store Region, San
Diego. This is assumed to be indicative of relatively large
but less frequent requests for provisions. This is of
interest because, as previously mentioned, such items tend
to be more uniform in size and this, in conjunction with the
larger order sizes, could lead to more efficient MHE

equipment and vehicle utilization.
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g TABLE 23
WEIGHT AND CUBE MOVED BY SU3-ZONE

q WEIGHT PER CUBE PER
SUB-ZONE (Z0NE) (L3S) C3NT (FT) CENT
32nd Street (1) 12,574,785 20.1 453,146 18.7
Afloat
32nd Stree*t (1) 15,349,967 25.5 608,345 25.1
Ashor=a
SUBSUPPAC (6) 7,017,488 11.2 263,555 1.9
NTC (9) 3,055,659 4.9 131,546 S.4
Pcint Loma (6) 716,560 1.1 28,137 1.2
NAS Miramar (7) 1,679,454 2.7 60,298 2.5
NRMC San Dizgo (7) 1,143,118 1.8 65,677 2.7
NASNI (8) 5,797,399 9.3 207,655 8.6
Coronado (8) 4,667,878 7.5 168,691 7.0
NSCSD (9) 2,157,232 3.4 152,970 5.3
Pendleton (P) 547,783 .9 31,204 1.3
Lcng Beach (LB) 6,443,654 10.3 221,331 9.1
Ncte; Sub-Zones 6D, 7C, and 8C are da2l=zted due <o *hei:
negliginle impact.

| |
—
TABLE 24
4EIGHT AND CUBE OF POSSIBSLE FFT MATERIAL
{
SHIPPING ATIGHT CUBE f
ZONZ  DOCUMENTS (LES) (FT)
TTTTYTTTT 7,733 8,032,253 213,523
6 2,679 2,120,353 79,523
7 1,053 757,772 29,755
: 8 5,842 7,851,037 279,368
i - 9 269 120,596 3,300
L ? 122 26,192 2,095
- L3 4,313 3,622,107 97,924
Total 22,517 22,530,315 710,372




? In spite of the presence of personnel support activities
in the top 25 activities, as with requisitions and material
issue analyses, Table 22 shows that Zones 1 and 8 accounted
for the majority of material movement weight and cube. Of

interest in this regard is that the predominance of Zone 1

as a work load contributor is even more evident than in the

cases of requisition submittals and material issues. As

shown, the next highest zone received less than half the
F weight and cube of Zone 1. Also of significance is the i
relative decline of the Long Beach zone. Whereas it stood
third in both requisitions submitted and material issues
generated, it is fourth in the weight and cube of material

deliveries. Additionally, its percentage of the total in

each instance dropped from approximately 17 percent to ten
percent. This is presumed to be indicial of frequent re-
quests for either relatively small quantities or small
dimensioned material.

Although the zone analysis showed a dominance by the
32nd Street ashore and afloat customers, the sub-zone anal-
vsis indicates otherwise. The sub-:-one analysis revealed

a significant shift away from the 32nd Street afloat unit

dominance. Specifically, as shown in Table 23, the highest

percentage of material movement weight and cube was consigned

to the 32nd Street ashore units. Similar to the 32nd Street

afloat sub-:zone, the percentage of material movement weight

and cube attributable to NASNI is substantially less than
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that sub-zone's contribution to the requisition processing

and material issue work loads (nine percent versus approx-
imately 17 to 18 percent) presumably for the same reasons
cited for the Long Beach sub-:zone's decline.

The FFT data mentioned at the beginning of this chapter
is presented in Table 24. As can be seen, the analysis re-
vealed that as much as 22,530,315 pounds and 710,372 cubic
feet of FFT material could have been handled by NSCSD's
local delivery operation. This represents a 36 and 29 per-
cent increase, respectively, in the weight and cube of
previously identified local delivery material movements.
Although, as stressed earlier, the figures derived in this
analysis are at best tentative approximations, the results
nonetheless indicate that such material movements might
have a potentially significant impact on the Supply Center's
local delivery work load. As a result, it is considered
that this area warrants further study.

4. ABC Analvysis of Requisition Weight and Cube

A classic ABC analysis was conducted on the con-
strained DHF requisitions to determine the frequency of
requisitions (by extended requisition weight and cube) and
the cumulative total percent of these frequencies. This
method of analysis is known by many names, such as Pareto
optimality or the 20-80 method. In all cases though, the
idea is based on the economic phenomenon that a few items

or groups of material usually account for the majority of
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total value, volume of business, or work load. The criteria

for classification can take many forms, depending on the

data and what information is required.

! The value of such an analysis is that it provides a
sound basis on which to allocate resources (be they person-
nel, funds, or equipment) with respect to the refinement of

control desired. In this analysis, control would take the

form of scheduling local deliveries and utilization of
equipment and personnel.

P Figure 18 shows the results of this analysis as relates

to extended requisition weight. Of all requisitions destined
for local delivery, 90.2 percent of these had an extended
requisition weight of 100 pounds or less. Of even greater
significance, 64.8 percent of these requisitions had an ex-
tended requisition weight of five pounds or less.

Figure 19 shows basically the same results as Figure 18,
but for cube data. As this figure indicates, 90.1 percent
of all requisitions for local delivery had an extended req-
uisition cube of 3.7 cubic feet or less and 53.6 percent had
an extended requisition cube of less than 0.1 cubic feet
{these results are also shown in Table 25 and Table 26)}.

Table 25 and Table 26 clearly demonstrate that with re-
gards to local delivery functions, NSCSD is issuing and
delivering very light and small items with great frequencv.
Further, the analysis shows that large, heavy material is

Seing moved rather infrequently. A possible inference is
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that the majority of items may require repacking for pro-

tection and ease of handling. If this is true, the cube
figures presented in Table 21 through Table 23 could be
significantly affected since packing/packaging materials
are not recorded on the FCF.

5. Material Double Handling

As mentioned in Chapter II and the introduction to
this section, the geographical separation of the Supply
Center's physical facilities induces a considerable degree
of material double handling. While automatic data process-
ing time and resource constraints precluded an indepth
analysis of all the material doubling handling attributable
solely to the facilities problem, the results of the ABC
analysis described above were applied to the 32nd Street
Naval Station ashore and afloat units local delivery volumes
to formulate an estimate of the problem’'s possible magnitude.

The results of the ABC analysis indicated that 85.5 per-
cent of all material delivered locally by NSCSD had 2 req-
uisition weight of less than fifty pounds and thus, could
be eligible for warehousing as binnable material in Building
12 at the Broadway Compound. The mean requisiticn weight
for this category of material was 5.339 pounds. As was
discussed, all binnavle material destined for delivery to
the 32nd Street Naval Station units is double handled be-
tween the Broadway Compound and the NCA staging area. This

studv's data base indicated that during the nine-month
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period from 1 January 1980 to 30 September 1980, 268,201
shipping documents were processed for delivery of general
store and dry provision material to these activities. It
is not considered incorrect to grossly estimate that some-
where in the neighborhood of 229,0005 of these requisitions
were for binnable material. Extending this at the mean
weight specified above would indicate that approximately
1,225,000 pounds of material for these customers was double
handled during the period mentioned.

The above figure is considered to be understated by an
appreciable, but unknown, degree for two principal reasons.
First, it must be remembered that only the net weight of the
material was utilized. Secondly, the above does not take
into account any other double handling such as receiving
material for stock at one location which should have been
consigned to another, or the transshipment of material to

the Long Beach Annex for delivery to its local customers.

C. VOLUME OF BUSINESS EXTRAPOLATION

As previously mentioned, the analysis presented in the
last section is only adequate for judging the relative and
not the actual volume of local delivery material movement
and its associated work load because of the constrained
data base. In an effort to provide more meaningful infor-

mation, an attempt was made to annuali:ze the data. The

5168,201 x 35.53 = 229,000
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techniques employed in this effort encompassed curve fitting,

linear and curvlinear regression analysis, and extrapolation.

In order to accomplish the above, it was first necessary
to compile, by customer grouping, weekly totals of requisi-
tion submissions, material issues, and the weight and cube
of material movements so that sufficient data points would
be available to construct reasonable comparative plots.
Although weekly statistics were accumulated on both the
zones and sub-zones, extrapolation was only performed on
the complete zones because of ADP and time constraints.
Figure 20 is an example of the weekly requisition data gen-
erated for each of the zones. Information on the volume of
material issues and weight and cube of material movements
for each zone was assembled in the same format. Appendix F
contains the complete data on each category by :zone and
sub-zone.

With respect to the actual analysis it was necessary to
use variables which represented cumulative (running) totals
of the item being measured because linear, exponential,
power, and logrithmic regression failed to reveal any
significant correlation between the individual weekly totals.
This rejection of individual quantity correlation encompassed
consideration of all plausible pairings between weeks (time),
requisition submittals, material issues, and weight and cube
of material movements. Basically stated, when viewed on a

non-cumulative basis, the variables displaved totally random
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Figure 20:

EXAMPLE OF WEEKLY REQUISITION DATA
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behavior. In fact, the highest correlation coefficient

achieved between any two of these variables was 0.23; with
most correlation coefficients residing in the 0.05 to 0.10
range. An example of this behavior is shown in Figure 21.
The primary causal factors for this pattern are presumed to
be the extreme variability present in material availability,
processing times, and individual line item weight and shape.

It is realized that by using the cumulative total meth-
od, regression analysis could no longer be performed since
the assumption of dependent variable independence (a large
Y1l does not necessitate a large Y2) has been violated.
Therefore, the methodology actually utilized was curve
fitting (determining the best equation to describe the
variable's plot) by the '"least squares method" and
axtrapolation.

The actual variables so plotted included requisition
submittals versus time (weeks), material issues versus req-
uisition submittals, and weight and cube versus material
issues. (In each pair, the second variable was the inde-
pendent variable.) Although exponential, power, and log-
arithmic equations were also computed for the variable plots,
the least squares methods revealed that linear equations
provided the best fit. The coefficients of determination
were computed and, with linear equations, the lowest co-
efficient achileved was 0.933, with most coefficients heing

greater than 0.99. This relationship can be seen in
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Figure 2l which 1s a representative example of the plots
obtained. Appendix G contains the graphs for each individual
plot and Appendix H the equations actually used in the
extrapolation analysis.

Before displaying the results of this analvsis it must
be stressed that the figures it presents must be viewed
with caution. The reasons for this include the inability
to detect possible seasonal variations because of the 1loss
of one full quarter's (first quarter FY 1980) worth of data,
and the general dangers inherent in extrapolation. A test
to estimate the accuracy, or inaccuracy, of the equations
was made by using the equations to compute requisition sub-
mittals, material issues, and weight and cube figures for
the same time frames and/or document base (independent
variables) derived in the nine-months analysis. The results
are displaved in Table 27, and as can be seen, the greatest
error encountered for this limited validity test was less

than five percent. While this in and of itself does not

necessarily establish that the twelve-months extrapolations !
presented below will have similar accuracy, it does lend
credibility to the procedure.

Table 28, Table 29, and Table 30 display the results of

the extrapolation of requisition submittals, material

issues, and local delivery weights and cubes to a twelve-

- A

-~

months time frame respectively. It is considered that the

tables generally sveak for themselves, so further discussion

, of their specific contents will not be presented.
S 120
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TABLZ 27
9 MCNTH EXTRAPOLATION QTYS VS 9 MONTH ANALYSIS 27YS
EXTRAPOLATION 9 MONTH K3
CATEGORY RESULTS ANALYSIS DIF? ERROFE
Reqn Stcbmittals 1,209,036 1,229,483  -20,447 -1.66
Matl Issues 672,909 700,436 -2,117 -0.31
Wt of Movements 64,803,147 62,623,704 2,179,443 +3.48
Cu of Movements 2,504,829 2,425,816 +79,004 +3,.26
TABLE 28
LCCAL CUSTOYER REQUISITION EXTRAPOLATICY
ZONE SUng%%gg %g ?%QgSNTHS
R 588,671
6 164,248
7 88,353
8 393,265
9 102,434
P 16,739
LB 260,433
Total T1,614,143




TABLE 29
LOCAL CUSTOMER MATERIAL ISSUES ZXTRAPOLATION

- — - - D D D - D . - D D D WD D D B S - - -

87,3u8
10,378
LB 153,350

Total 888,351

1
6
7
8 162,323
9
P

TABLEZ 30
LOCAL CUSTOMER WEIGHT AND CUBE EXTRAPOLATION

EIGHT OF WATL CIBE OF 1A

MOVEMENT IN 12 HONTHS  MOVENENT IN 12
AT T T sz een,338 T T T T T aawas T

21,191,197 831,056

4,897,549 218,247

20,630,564 737,619

7,437, 291 537,639

829,748 46,560

10,297,309 353,652

Tozal 117,324,993 4,567,219




One comparison does deserve to be made, however, and
that is the total number of measurement tons of local deliv-
erv material movement indicated by the cube extrapolation
versus NSCSD's pallet count, which theoretically equates to
measurement tons. The 1,667,219 cubic feet of material
moved portraved in Table 30 equates to 116,680 measurement
tons. This is onlv 25.8 percent of the 432,062 ''measure-
ment tons' which NSCSD purports to have delivered to its
local customers. The question of which one of the two
figures is more accurate can not be answered. As previously
stated, only net weight and net cube figures for GSK and
drv provisions were available for use in this study. There-
fore, the extrapolated measurement ton figure is understated
to the degree that packing, packaging, and repacking mate-
rials and FFV and frozen provisions movements could not be
accounted for.

While the above appears to argue that NSCSD's pallet
count is more accurate, there is no substantiation for such
a supposition. The primary problems with the work unit
measurement were delineated in Section A and will not be
reiterated here. If any conclusion can be drawn, it is that
the actual number of measurement tons delivered to loccal
customers lies somewhere between these two extremes.

In summary, several conclusions can be drawn from the
preceding local delivery work load analysis. The first 1is

that the vast majority of requisition submittals to, and
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material issues made by, NSCSD were to the industrial ac-

tivities, logistical support organizations, and operating

oy

units located at the primary fleet concentration points,
most notably the 32nd Street Naval Station, Long Beach, and
5 NASNI. Similarly, the majority of material movement weight
i and cube during the last nine months of fiscal vear 1980
was to these same units. However, it is also apparent that
activities which maintain or perform large scale personnel
support functions did have a pronounced influence on the
actual mass (weight and cube) of material movements.

The significance of this is that the two represent dif-
ferent types of material movement from a planning perspec-

tive. In the first instance, it appears that the Supply

Center is providing a wide range of sporadically demanded
material with different phyvsical characteristics to a large
number of co-located customers. As such, if it is desired
to minimize the transportation hold times, only the initial
delivery runs of each day, which transport material issued
the preceding day, can be planned with any degree of cer-
tainty with regard to efficient equipment utili:zation.
Conversely, in the second situation it appears that it

is supplving a considerably smaller range of more consis-

a relatively small number of customers. As such, these

‘d tently demanded material of greater physical uniformity to
i
.
! matarial movements should be more conducive to pre-planning
!

and achievement of efficient equipment utilization.




While the above is presented on a supposition basis, it
is gener.lly supported by the results of the supply demand
pattern study conducted by Robertson. [Ref. 5] The reader
is referred to that publication for a more indepth analysis

of types of material requested by specific customers.




V. SUMMARY AND RECOMMENDATION

A, SUMMARY

The actual merger of the Naval Air Station, North Island
and the Naval Supply Center, San Diego wholesale supply
support functions took place 1 October 1580. To date it has
been generally accepted that this consolid.tion has been
effective., It is anticipated that one outcome of this con-

solidation, in conjunction with the NISTARS project, will

be a nwore effective and efficient local delivery syvstem to
not only NASNI activities, but to all other local customers
as well.

In order to determine the true degree of improvement in
supply support, namely local delivery service, 2 baseline
of pre-consolidation data 1s necessary. This thesis has 4

established such a baseline data set. The set includes:

. 1. the operating doctrine of the NSCSD local Jelivery !

organization;

w " > g -

2. the location of material and the layout of physical

facilities;

3. personnel and equipment resources dedicated to the
o local delivery function;
-

: 1. requisition processing and material flow;

5. identification of actual customers and their

Zeographic locations;




*m‘,;.m.ﬂm o g ” -

6. requisition volume by customer and deliveryv zone
and sub-:zone;
material issue volume by customer and delivery :zone
and sub-:zone;
8. the magnitude of deliverie to local customers,
zones, and sub-zones by weight and cube; and
9. an ABC analvsis of material issues byv requisition
weight and cube.
] In addition, several key problem areas were identified
and discussed. These included:
1. the problem regarding the double handling of material
destined for local delivery due to the dispersion of

physical facilities;

2. the 1inability to break down, bv customer, the weight
and cube data of local deliveries of FFV and frozen/
chill subsistence due to the summary nature of the
data;

the problems arising from the lack of a specific

(92 ]
.

‘,fl vehicle scheduling plan;
4. the inconsistency induced in accounting for material
; movements by the use of pallet counts as a work
measurement unit; and |
5. the data collection procedures utilized by NSCSD not
A being sufficiently finite to provide the management

information needed to maximize efficiency.

TRAPRLT AN A7 I INPRE™
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B. RECOMMENDATIONS

Although the research methodology employed was not con-

ducive to making specific recommendations, certain general

opinions were formed. Among these were:

1.

[$9)
.

the pre-SER database used by NSCSD was basically in
summary form and did not lend itself to the determi-
nation of operational efficiency, let alone resource
optimization. More detailed statistics are needed
with respect to the volume of individual material
movements. Such information could be: full segre-
gation of intra-facility movements instead of local
delivery movements; equipment utilization rates per
run and in aggregation; delineation of time allocated
to fulfilling the various functions required in ma-
terial movement; and actual weight and cube data by
customer.

the current dispersion of physical facilities, in
combination with the lack of an adequate database,
has hindered the formation of a truly integrated
physical distribution svstem. As depicted through-
out this thesis, constraints imposed by facilities
problems has in fact resulted in NSCSD's having to

utilize numerous local delivery arrangements. More

specifically, the Broadway Compound, the National
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City Annex, and the Long Beach Annex local delivery

operations are viewed as concurrent, instead of
fully coordinated, systems. Although there is some
degree of central control, there is presently an
insufficient database to allow a more coordinated
system. To fully coordinate the local delivery
operation at each location requires the implementa-
tion of a 'systems approach."

the current work measurement unit is not appropriate
for management purposes. Although measurements by
pallet count are easy to maintain, they are not con-
ducive to formulating meaningful statistics. If
possible, some other form of work measurement unit
should be adopted, preferably either weight or cube,
but at a minimum, measurement ton. Shifting to one
of these standards would provide a more consistent
and accurate measurement of material movement be-
cause it alleviates the under- or over-loading pro-
blems inherent in the pallet count system.

in his review of vehicle routing algorithms, Clausen
[Ref. 4: p. 971 specified five prerequisites for

the installatiorn of an automated vehicle routing/
scheduling algorithm. As has been shown in the
preceding chapters, NSCSD's customer base, route

structure, time standards, random demand patterns,

and desire for efficiency are ideallv suited for the

150




g . P k &k al T T Goa i
e e R

implementation of such a program. As discussed by
Gibfried [Ref. 6: pp. 28-30], a vehicle scheduling
program was previously installed at NSCSD, and
evidently performed effectively in terms of vehicle
routing/scheduling. Its discontinuance was caused
by data collection problems and not by any deficiency
of the program itself. Therefore, it is recommended
that some type of vehicle scheduling/routing algo-
rithm be reinstituted. However, any such algorithm
must be tailored to the specific requirements of

the local delivery situation.

5. while a pre-SER cost analysis could only address
direct local delivery costs due to the problems
discussed in Chapter I, it is strongly recommended
that a comprehensive cost analysis be conducted of
the NSCSD local delivery syvstem. To conduct a

thorough post-SER cost analysis there are several

items of information and data which must be avail-
able. These are:
a. complete and accurate local delivery cost data

broken down to the lowest cost element possible.

b. a work measurement unit which 1is more realistic
and accurate than pallet count is an absolute

necessity.

S
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APPENDIX H
CURVE FITTING EQUATIONS

ZONE 1 Reyns=11,367. 93 (veeks) -2461, 235

r%.99960 T=13705.018

ZONE 6 Reqns=3,023.1U7(veeks) +6732.505

ri.s9a3 T =2035.075

ZONE 7 Reqns=1,693.315(weeks) +301.0040

¥=,99979 T=397.2890

ZONE 8 Regns=7,629.354 (veeks) -3409.700

¥:.9994 T=3062.546

; ZONE 9 Regns=1,951.755 (veeks) +942, 3285

: r:.99968 T=573.8430
; ZONE P  Reqns=323.09940(veaks) -62.295500 {
¥:.99966 T=97.190000 |

ZON2Z LB Regns=5,163.417(weeks)-8324.7800
r:.99869 T=3060.9669

"y B D it D il Dbt D
UNCONSTRAINED LOCAL MATERIAL ISSUES VS EQUISITIONS

-

g

. o

- - T D D W - A T A W - - - - - - - -

LOCAL SHIPMENTS JUNSPECIPIED SHIPMENTS -
1
! ZONE 1  SD=.5240369(R)-5307.005 50=.06372668 (R) +1604. 477
] ¥':.99923 T=2705.1953 ¥:.98337 T=1672.97
; -« ZONZ 6  $D=.5186645(%)-3135.412 SD=.04866 386 (R) -266. 13650
¢ T
P ¥=.99848 T=1017.3500 €=.99528 T=166.000
‘ ZONE 7  SD=.4249615(R)-538.8669 SD=.03523048 (R) -189. 42310
¥:.99952 < =258.55207 t.98195 T=132.805

I . ———a——— - T gty - 3 g e By o




ZONE 3

ZONE 3

ZONE P

. D B - — DU T D D - P - - W D - - - - -

) D D D TP = > > > - P T - - A - - D D - - - - - . - - - - -

ZONE 6

ZONE 7

ZONE 8

ZONE 3

ZONE P

SD=.3905390 (R)-4432.140

=.99845 § =1922.1900

SD=.8279520 (R)-1310.459
¥:.99939 =653.20300

$D=.5936314 (R)=69. 18642

¥=.99936 =79.521300

$D=.5303205 (R) -1702.241
¥i.99680 S =2543.4990

SD=.034A3947 (}) -453.01500
r=.99050 T =424.124

SD=.04678435(3) -364.87980
v=.99136 T =207.545

SD=.03479791(R)-72.567680
¥t.93386 T =49.7676

SD=.06527485 (7} -60.595540
v'-.98867 T =592.6u6

WEIGHT AND CUBE OF LOCAL MATERIAL MOVEMENTS
VS LOCAL MATERIAL ISSUES

¥T=143.9767 (S)+1,039,029.0
r=.99509 T =595,764.119

WT=239.2949(S)-292,938. 000
¥=.98919 < =336,039.447

§T=122.4108(S)+9563.683000
T
¥=.99307 K =73,602.1567

AT=125.7431(S)+219,567. 300
¥'=.99188 T =318,428. 411

4T=85.95983(5)~71,128.6200
¥'=.98619 < =80,283.1884

¥7=79.01907 (S) +9688.073000
¥:.93880 N =5717.857750

WT=62.76307(S)+672,592.200

CU=5.3925(S) +32,217.160
¥=.99518 §=22,098.81

CU=9.3432¢s) -7783.21900
(%.98779 <T=13,956.43

CU=5.5068 (S) - 1647. 34000
¥=.99587 N =2551.9600

CU=4.5024 (S) +6769.22000

r=.99126 $=11,832.51

CU=6.2877(5)~11,577.140
¥=..95321 T=10,992.90

CU=4.4429(S) +452.574300
<x .
¥=.99948 N =211.642231

CU=2.1301(S)+27,009.080
¥%.98830 < =6326.3605

nunber veeks from start of measurement period

(=.98982 [ =173,727.160

veeks =

sD = nuaber of local material issues
R s nuaber of rejuisitionmns

€T = weight

cu = cube

S = puaber of local material issues

248




: v = coefficient of determination
X = standard deviation ¢f observed values
1 from curve

| 219
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